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Making sense 


‘THERE ARE MANY METHODS for finding 
answers to the mysteries of the universe, 

and science is only one of these. However, 
science is unique. Instead of making guesses, 
scientists follow a system designed to prove 

if their ideas are true or false. They constantly 
reexamine and test their theories and 
conclusions. Old ideas are replaced when 
scientists find new information that they 
cannot explain. Once somebody makes 

a discovery, others review it carefully before 
using the information in their own research. 
This way of building new knowledge on older 
discoveries ensures that scientists correct their 
mistakes. Armed with scientific knowledge, 
people build tools and machines that transform 
the way we live, making our lives easier. 


Fourteen lines of | 
mathematical text . B A i 
in cuneiform script . 


ROUND NUMBERS 
Scientists need to describe things exactly, and 
they do so using numbers and measurements. 
People have recorded their measurements for 
centuries. The Babylonians, who controlled parts 
of what is modern-day Iraq at times between 
1900 and 600 BcE, recorded their numbers as 
marks in wet clay, which they then dried into 
solid tablets. We still use the ancient Babylonian 
counting system sometimes. They counted in 
60s—not 10s. Today, seconds and minutes are 
added up in these Babylonian 60s, and we also 
divide circles into 360 degrees—6 groups of 60. 





SEEING PATTERNS [bn al-Haythem 
Scientists see a pattern in nature and try to explain it. Ancient appears on a stamp 
people also tried to explain things in the natural world. The from the Arab 
Mayans of Mexico observed the way days and nights state of Qatar 
get longer and shorter throughout the year. The 
equinoxes are the two days each year when day 
and night are the same length. The Mayans 
believed that on these special days, a snake 
goddess slithered down from the sky. 
They built a pyramid at Chichén Itza 
to show this. When the Sun rises 

on an equinox, it casts a 
shadow on the pyramid'’s 
staircase. The steps make 
the shadow look like 

a slithering snake. 
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SEEING IS BELIEVING 


Scientists should be good observers—but how 
do we know that what we see is coming from 


not made up in our heads? 


This question was answered by the Arab scientist 


lhazen) around 1,000 years 


ago. He was one of the first people to use 


to prove ideas. He showed 
ht travels from objects into 


os our eyes (see page 28), and not 








out of the eyes first, before 
bouncing back from the 
objects around us. 
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A physicist is dwarfed by a 
giant chamber that forms 
just a small part of the 
Large Haldron Col lider 














MAKING USE OF KNOWLEDGE 


Pure science is driven by Robotic 
curiosity. Scientists solve limb copies 
movements 


puzzles about the universe, 
from the way stars explode to 
how bumblebees fly. Applied 
science makes use of—or 
applies—what pure science has 
revealed to fix a problem. For 
example, this robotic arm has 
been built to work as much like 
a real one as possible. 
Physiologists have given 
it the same joints as a 
human arm, while 
neurologists (nerve 
scientists) have figured 
out how to connect the 
robotic arm to a humans nerves so 
someone with a robotic limb can move 
it using nerve impulses, like a real arm. 


of a realarm 


_————E———— 













THE UNIVERSE AND EVERYTHING ELSE 
Together, scientists have uncovered so 
much knowledge that no single person 
can remember it all. Different scientists 
are experts in different areas of science 
(see pages 68-69). This cave of pipes 
and wires is part of the Large Hadron 
Collider (see page 62), the largest 
machine ever made. It was built to 
investigate how the universe was born 
billions of years ago. Scientists working 
here are physicists—the name comes 
from the Greek word physis, meaning 
nature. Physics is the study of matter, 
energy, and the forces inside everything 
in the universe. Science can be used to 
investigate a lot more—mineralogists 
study crystals, meteorologists track 
changes in the weather, and 
malacologists are experts in slugs. 























DIFFERENT VIEWS 
Many scientists study the things found on Earth, 
but they do it in different ways. A biologist would 
be interested in the fact that this fossil was that 
of a trilobite (a marine organism) that lived 
420 million years ago. A geologist would say that 
the rock was limestone, made from fragments ofa 
shell that settled and fossilized on the ocean floor 
after the animal died. A chemist would be more 
interested in studying the composition of the 
rock. It contains calcium carbonate, which is a 
chemical made of carbon, calcium, and oxygen. 





PET scan of active brain PET scan of resting brain 


BEYOND SCIENCE 
Scientists study things that they can record and measure. It is 
not yet possible to record what someone is thinking. One of the 
great mysteries of modern science is how the human brain works. 
Scientists can look inside a living brain using a PET scanner rand 
see which areas of the brain are most active at w hich times. They 
are learning more every day, but we still do not know if the 

human brain is clever enough to figure itself out! 





The foundations of science 


ANCIENT PEOPLE EXPLAINED THEIR WORLD using 
stories known as myths. The Bakuba people of central 
Africa thought the world was formed when a giant 

was sick. The ancient Romans believed that storms 

and earthquakes were caused when Neptune, the 

god of the sea, was angry. Then from about 2,500 years 
ago, Greek philosophers such as Thales of Miletus and 
Aristotle began to question the workings of the universe 






15th-century 
illustration 
showing the four 
Greek elements 


FOUR ELEMENTS 
Ancient thinkers 
believed that everything 
was made from a handful of 
elements—simple substances 


based on what they could see around them. They were the that could not be split further. In Asia, 
: : : : : : EE people thought that there were five or six 
first people in recorded history to think as scientists, building sleinents, bul in Greece mee 
knowledge by observing natural phenomena. Thinkers made believed thers were ohtyions Ts 
. . : . fire, air, earth, and water. E ing i 
new discoveries and developed new theories in other parts of the De 
ancient world, too, including Egypt, India, and China. Although from a mixture of these elements. 


some of the ideas of these pioneers were later proved 
wrong, their revolutionary ways of thinking laid 
the foundations of modern science. 
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Table tennis Squash ball Racquet ball 
ball displaces its displaces more _| displaces more 
weight of water, water, sinceit | still, but still 
but still floats is heavier floats 








16th-century 

illustration of 
Aristotle's view 
of the universe 
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STAYING CENTERED 
Ancient Greek 











philosopher Aristotle Golf 
(384-322 BcE) argued ball 
that the universe was organized in rings. The element fire seins cacti sinks 
was at the center of planet Earth, followed by bands of FLOATING IDEAS 

earth, water, and air. The Sun, Moon, and planets moved The ideas of the Greek thinker Archimedes (287-212 sce) are still in 

around Earth, while the stars formed the outermost ring. use today. One of these was about how things float. When Archimedes 

Aristotle had no proof, but his description fit with what entered his bathtub, he realized that he displaced water. He worked out 

he could see, and he assumed that Earth must be at the that if the weight of the displaced water is less than the weight of an 

center. His model of the universe remained unchallenged object placed in water, then the object sinks. If not, it floats. This is 

for another 1,900 years. why a heavy golf ball sinks in water, while lighter balls float. 
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Sun shines on 
location 2 at 
an angle 


Shadow is cast : 


\. Sun shines 
straight dou 
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BEING MEASURED 

The mathematician Eratosthenes lived in Egypt 2,200 years ago. 
He observed that at Aswan, the Sun cast no shadows at noon, 
since it was directly overhead. Farther north at Alexandria, the 
noon Sun cast shadows because its rays reached Earth at a 

slant. The difference was due to the curve of Earth's surface. By 
measuring the length of the shadows, Eratosthenes determined 
how tightly Earth curves, which led him to calculate Earth's entire 
circumference. His figure was 50 times the distance between Aswan 
and Alexandria, which was amazingly only 198 miles (318 km) 
short of today's best measurement—24,855 miles (40,008 km). 


_ Gunpowder bl 
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BIG BANGS 
Ancient Greece was not the only place 
where thinkers were uncovering knowledge. 
In India, mathematicians introduced zeros 
to numbers to make calculations easier, while 
surgeons developed complex treatments, 
including eye surgery. China produced four 
inventions that changed the world—the compass, 
gunpowder, paper, and printing. Gunpowder was 
probably stumbled upon by researchers looking for 

a potion that could make people live forever. Instead, 
they produced the first explosive, a powder that burns 
so fast and hot it creates a fireball. 


Mummified 
skin 














HEALING POWERS 
Ancient Egyptian doctors used 
their knowledge of medicine as 
much as their belief in magical 
rituals for healing. One of the 
first doctors in history known 
by name was Imhotep, who lived 
about 4,600 years ago in Egypt. 
Imhotep is thought to have 
written a manual with a very 
scientific description of the 
human body. An Egyptian 
doctor also made the first 
known false body part—a 
wooden Sie toe—some time 
around 3,000 years ago. Made 
for an Egyptian noblewoman, 
this wooden replacement 
allowed her to move around 
without any support. 
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Leather strap 
attaches toe to foot 


Big toe carved 
from wood 







Mummy's foot 
from ancient Egypt 
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‘ metal barrel forces 
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300-year-old 
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FEMALE SCHOLARS 


Women also made several important 
contributions to our understanding of 
the world. A waterbath used in modern 
laboratories to heat liquids is known as 
the bain-marie, after Mary, a Jewish 
scholar who worked in Egypt about 2,000 
years ago. Hypatia of Alexandria, who lived 
1,600 years ago, was a philosopher and 
mathematician. She can be seen in this 
detail from The School of Athens, a famous 
16th-century painting. Hypatia helped 
develop the hydrometer—an instrument 
that measures the density of liquids. 
The hydrometer sinks deepest i in thin, 
iow- density liquids, such as gasoline. 





Iam, Science at work 































SCIENCE IS A POWERFUL TOOL. The 
principles discovered by science can 
be applied, or put to work—in fields such as 
medicine and engineering—to create newer and 
better technologies. Applied scientists develop 





Piano moved up ramp 
in small movements 


technology—machines, tools, and techniques. aS wee. 
However, technology has not always been scientific. A ramp is a wedge working the other way 
; around. Lifting this heavy piano onto the truck 

Stone axes wee - form of technology used by ancient without a ramp would require a huge force to 
people. Applying scientific knowledge has made raise it quickly in one go. The ramp allows the 

, force needed to do the work to be broken up 
modern technology a lot better. Instead of stone into smaller sections. The workers use many 
axes, engineers have created saws that cut with small = not a large ack push 

; : the piano slowly up in steps. A staircase 

sharp diamonds, hot lasers, and even jets of water. oe fae flak stops 
Engineering applies science to machines. People to make it easier to stand on. 
























invented simple machines in ancient times without fully 
understanding the science behind them. Later, scientists 
identified these simple machines—the lever, screw, 
wedge, ramp, pulley, and wheel—and recognized that 
complex machines work as combinations of them. 


THIN END OF A WEDGE 
The first machine (and one of the earliest examples of 
technology) to be invented was the wedge. Homo habilis, an 
ancestor of Homo sapiens (modern human beings), chipped 
rocks into wedge-shaped cutters 2 million years ago. This early 
ax also functions as a wedge. It works when a downward force 
pushes on the wide end (the rear of the axhead). The force is 
then focused onto the thin edge at the other end of the wedge 
(the ax blade). Since the same force is now squeezed into a 
smaller area, it pushes down strongly enough for the wedge 
to cut through whatever it is touching. Other wedge 
machines, such as metal knives, work in the same way. 





















Water rises 
up the ramp 






TURNING THE SCREW 
A screw can be seen as a ramp 
wrapped around a cylinder. 
As the screw is twisted into a 
plank, it drives into the wood. 
However, the screw’s twisted 
shape stops it from falling out of the wood, 

making the screw perfect for holding things together. A 
screw has other purposes. The Archimedes screw—named 
after the ancient Greek philosopher—has been used to 
raise water for many centuries. The bottom of the screw 

is under water. As the screw twists, the water gradually 
sloshes up the ramp. 














MOVE ANYTHING 

Levers work like off-center seesaws. 
Pushing down at one end makes the 
other end rise. A small force applied at a 
distance from the turning point, or fulcrum, 
is multiplied many times by the lever, creating N 
a strong force. Common levers include this | 
claw hammer and a pair of scissors. Archimedes 
commented that if he had a lever long 


enough, and somewhere to stand, he could 
lift the world. 


Small force applied 
far from fulcrum 


Fulcrum 
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Force close to fulcrum 
‘ is much greater, and 
: hammer lifts nail 


ROUND AND ABOUT 















COG COMPUTER 

The Antikythera mechanism is an 

ancient instrument found in a 
2,100-year-old shipwreck near 
Crete. The machine once had 
dozens of connected wheels 
with teeth or cogs on the rim. 
The wheels would move in 
sequence, helping the device 
calculate the position of the Sun 

or Moon on any day of the year. 


Pulley 







Blocks 
marking 
the hours 


A wheel works like a disk of levers sticking out in all directions 

from the axle, which acts as the fulcrum. Each lever connects the 

axle with the wheel's outer edge—specifically, the point where the 

tire is touching the ground at any one time. The wheel is made to 

rotate by the boy forcing the pedals around. Lever action translates 
the smail movements of the axle into large sweeps at the rim 

of the wheel. The tire grips the ground, so as it turns, the 










of the day 


















wheel pushes backward against the ground and 
the bike moves forward. The wheel is 
perhaps the most important simple 


unchanging force. The simplest clocks make use 


time for the flask to empty out. This clock uses 


machine. Wheeled carts and 
chariots were in use across 
the Middle East and eastern 
Europe about 6,000 years ago. 
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19th-century gravity clock 


KEEPING TIME 

Clocks are machines that work at a fixed 
speed, so they count out time accurately. To 
do this they need to be driven by a constant, 


of gravity, a force that pulls everything down 
to Earth. The oldest known clocks are stone 
water flasks used in Egypt 3,400 years ago. In 
these, gravity pulled a trickle of water though a 
hole in the flask and it always took the same 


a pulley and relies on gravity pulling on a 
weight attached to a steel drum. This slowly 
moves down the blocks marking the hours. 
A system of levers rings the bell when the 
drum reaches the bottom, signaling 
that it is time to wind it back up. 
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Steei drum 


Weight | 


Axle forms the 

- fulcrum around 
which the spokes 
rotate 


Hammer on a hinge 
moves forward, pulling 
wheel around 








WORKING FOREVER 
This wheel from 1235 CE was meant 
to keep spinning forever. The idea wo Mew 
was that the top weight would flop es 
forward, pulling the wheel around N 7 
until the next weight could tip over, 
and so on. But, like all machines, it » 
would stop moving uniess given a push € 
from time to time. It was only in the 
19th century that scientists realized why 
perpetual motion is impossible. The moving 
parts of a machine rub together and get hot. 
Gradually, all the energy in the system leaks 
away as heat, and the machine stops working. 
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Changing the world see 


Sometimes, SCIENTISTS DISCOVER that what they once thought 
to be true is, in fact, wrong. In 1543, Nicolaus Copernicus 
ebabaelepalacrem aul ment ieeh vale’ that would turn people's view of the world 
TrorstetemelonnuemmOlelelmdarlaetentcs people believed that Earth was at the 
center of the universe, and everything else—including 
the Sun, planets, and stars—move: d around it. But 
some planets slowed or sped up across the sky, and 
even went into reverse. Copernicus showed that he 
could explain this behavior if Earth was just one of | | 
Yeates 21 mo) E-vavelecmontonubatcaclcolereremaalcmeleram @o)elc eel (aert sad 16th century, the Cathie 
discovery challenged facts that people had always controlled much of Europe and insisted 
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that [se (| vas al the cente of the 
Yeree) 0) axe ae Wale CCM co Kem ae) come ate (eyatexer mle mueyeaten Pak ge ales “c 


Srbrameelpicrs(el@etnrcmuaran@unlelruan. 
During the next decades, scholars in Europe tele) cere even making a model orrery, of the p 
mo¥ing around fhe Stncould be faced 
again at established knowle: dge, especially from Coripuiaiccap hcceras the valid eras foo) 
ancient Greek Gabbal.cae-prctarel beg gan a about his discover¢ until {ust before he diva 


gentcelierelesambamcatesalece 


FEELING THE PRESSURE 
Avater (capi G@icael <malaileauae ment Gente 
ANeHLOI VW ind gods eelettreles| 
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the seasons and the weather. In 
1643, the Italian scientist Evangelist: 
forricellt became the tirst pe rson i 
use science to forecast the weather. 
He built a barometer—a U-shaped 
column filled with the liquid metal 
mercury. [{ measured air pressure 
the force of the atmosphere pushing 
at Earth's surface. The air pushed at 
davewe) Vaameteme) Mi lelus(watl a mettercrsiare 
made the mercury rise on the other 
side. [he barometer showed thal 
when air pressure was high, the 
day would e}ke)eyi18) him eremetatam Corer as 
weather maps connect D oints of 
equal air pressure with lines called THE DEAD TELL NO LIES 
isobars. These help predict how The Roman physician Galen was the established authority on human 
@eremtvernpaate male change. anatomy=-the Sattattaes mi afates structure—forcenttries, hy the 16th century 
the Belgian physician Andreas Vesalius began dissecting bara bodies to 
examine anatomy. He niade highly detailed . drawings at 4 the: body, Sido and 
out, Vesalius published his work in a book known as De Hiirian i Corpori is Fabrtea 
Gviielerarel mentemeltiiriamsieena mal se ict res were the first accurate reeord 
of human anatomy and corrected errors inn ich of Cate i's work. 


soba 
shows plac Cs 
with equal 
pressure 
GETTING EVEN 
Gr vered auaatinl co matericele em arte 
said that heavy things fall to 
aatemcanezerare. fos ter than | 
2 However, in th 
century, a young sci =ritiet named 
( -alileo C sAlilei prove aPatatsfelele 
wrong. ( salileo dropped two 
cannonballs—one large and one 
small—trom the mete lower 
of Pisa, Italy. He note ted that the 
balls fel | evenly evaremaviangatemssvejtiare 
at the same tin Hed realized 
| Weather map Sitiaely(uacerliacen: arth in the same 
Replica of SS are)nulareme breeltcl me cerca layers time, whether they are heavy or not. 
SVelestealit-mortueiaiue of high and low pressure | 
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x POINTING NORTH 

For centuries it was well Known that a swinging magnet 

always pointed in the same direction—north. In 1600, 

William Gilbert explained why. Any small magnet is 

attracted to a much larger one—Earth itself. He proved 

this idea by making a terrella, a model of Earth, oul of a SEEING FARTHER 
About 400 vears ago, merchants in Venice, 


* 


* 


> 


spherical magnet. By moving a smaller magnet around 


the surtace of the terrella, Gilbert showed that the little 
magnet always swung toward the terrella’s 
north pole. Gilbert suggested that under 
Earth's rocky crust, the planet was 
made up of a giant ball of tron, 
which produced the magnetism 


(see page ee 


A terrella 


Italy, used telescopes to watch tor their ships 


approaching the city, Galileo, who lived in Venice 


al that time, built his own powertul telescope 
and used il to magnify the night sky. He was 
amazed to see that the Moon was covered with 
mountains and craters, like a smaller version 

of Earth. He studied these features and made 
Ruri uemelranulnremerlii (em Crem elenemanrl 
Jupiter was orbited by not one, but four moons. 
This was the first direct evidence to support 
Copernicus research—not everything in 

the universe revolved around Earth. 





From magic to method 


THe worn ScieNTIST WAS INVENTED just 180 years ago. 
Until then, researchers were known as natural philosophers 
or alchemists. These people did not use modern scientific 
methods. Most alchemists believed in magic, and many 

of them searched for potions giving superhuman powers. 
Alchemists had their uses. They discovered new dyes and 






THE LAST ALCHEMISTS 

Some of the greatest figures 

in the history of science were 

alchemists. Isaac Newton, who 
explained how gravity works, 
was an alchemist looking for 
magical ways to turn lead into 
gold. Newton's friend Robert 
Boyle did similar research, 


i % , but in 1661, he wrote a 
ways to make valuable perfumes. As they searched for other (yi per E¥@ book called The Skeptical 
useful substances, alchemists began to keep records so they Bama Chymist—about how the 


behavior of metals, gases, 
and crystals should be 
explained using science 
instead of magic. 


could repeat procedures. They also used experiments to test 
ideas. Slowly, alchemists were 


beginning to work like 
scientists do today. 















HOCUS POCUS 

Alchemists were the first people to attempt to explore 

what the world was made of. Most of them searched 

for the philosopher's stone—a substance believed 

to turn common metals into precious ones—or the 

elixir of life, which could supposedly make people 
immortal. Alchemists kept their work secret to 

prevent others from stealing their ideas. An 

8th-century Arab alchemist, Geber, recorded 

his results in a code that was meaningless to 

others. The word gibberish comes from his name. 


ea 


A 19th-century 
painting called 
The Alchemist 






























Retort held 
liquids 


IN THE LAB 


The apparatuses used in an alchemist’s workshop would be familiar to a modern 
chemist. Bell jars collected the gases released, while any liquids produced in 
the experiments dripped from the spout of a retort. Hot gases were made 
into liquids by running them through a cooling condenser. 
Alchemists stored liquids in test tubes and retorts and 
used burettes to measure liquids to 

the exact drop. Simple \ 
clocks, such as a sand 





timer, made sure that * Pestle helped to Sand timer 
mixtures boiled for the . grind substances 
right length of time. , Burette 


Condenser 


Bell jar 


———9 


Test tube 


Mortar held 
substances to be ground 


A NEW WAY 
In 1620, the English philosopher 
Francis Bacon set out a new 
method for research in a book 
called Novum Organum. He 
believed that thinkers should 
question the natural world 
and follow a specific method 
that included observation, 
suggestion of a theory, 
and experimentation. He 
stressed the sharing of 
information using simple 
language so that more 
peopie could understand 
and learn. This is the basis of 
the modern scientific method. 


oe BEATING OF THE HEART 
| Doctors once thought that 
blood was made continuously 
by the liver and heart before 
being pumped into the body, 
where it was used up. In 1628, 
the English doctor William 
Harvey conducted experiments 
that showed that if this were 
true, a person would have to 
make 550 Ib (250 kg) of blood 
a day! He showed that the 
body had a fixed amount of 
blood, which circulated away 
from the heart in arteries and 
then returned in veins. 
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Harvey's drawings 

show valves in the 

veins that stop blood 

from from flowing backward 


LOOKING CLOSER 
People are limited by what their eyes can see. To see more, 
scientists invented machines to detect things that are too 
small or too far away. In 1665, Englishman Robert Hooke 
used a simple microscope to take a closer look at 
insects and plants. He found a tiny world, full of 
detail. In the 1670s, the Dutch lensmaker Antonie 
van Leeuwenhoek made a better microscope. 
Looking through it, he became the first person 
to see bacteria, which he named ‘animalcules.’ 


Bulb filled with water 
concentrates light 











Microscope Oil lamp 
is focused provides light 
by screwing 
the tube 
up and down Hackes 
: , ae microscope 
e -" : ay we ; 3 5 rs hae . 
Ain er Lens focuses THE SIMPLEST ANSWER 
mem 4 af light Occam's Razor is a rule that helps scientists form ideas. Named after 14th-century 


English thinker William of Ockham, it says that the simplest answer is most likely 
the correct one. When mysterious patterns of flattened crops appeared in fields 

in the 1970s and 1980s, some suspected that these “crop circles’ were made by freak 
weather or even alien spacecraft. Using Occam's Razor, however, the best explanation 
is that they were created by people as practical jokes. This turned out to be true. 












DOWN TO EARTH 

Newton is said to have figured out the 
way gravity works after seeing an apple 
fall from a tree. He suggested that 
every object has a pull of gravity. While 
Earth pulls on an apple, the apple also 
pulls on Earth. Because Earth is much 
heavier, its gravity is also stronger, so 
the apple accelerates toward Earth, 
while Earth hardly moves at all. 


SEEING THE WORLD 


Sailors once used a sextant to measure the angle of the 
Sun, Moon, or a star above the horizon. This knowledge, 
combined with a ship's almanac (a set of tables), 
allowed the sailor to calculate the ship's latitude—its 
position north or south of the equator. From the 1770s, 
ships have carried almanacs, which predict the time 
when certain heavenly bodies will be at their highest 
point in the sky that day. This is thanks to Newton and 
other scientists showing how the objects move in space. 








Swiveling mirror 
targets a heavenly body 






Ball in motion hits row 


of balls with a force _#— 
Few SCIENTISTS MAKE A DISCOVERY that 


fundamentally changes science, but Isaac Newton did 
just that. In the 1680s, he produced a series of laws that 
explained how things moved. Newton's most famous 
achievement was the discovery of how gravity worked. Gravity is a 

force that pulls masses together. The pull of larger bodies, such as Earth, 
is much stronger than that of smaller ones, such as apples. Newton 
described the force using mathematical calculations, which showed that 
a falling apple and an orbiting moon both move according to the same 
set of rules. Newton's laws 
of motion provided a new 
way to understand and 
investigate the universe. 























FLOATING IN SPACE 
Why are astronauts weightless? 
Newton's laws predict that 
Earth's gravity gets weaker with 
distance, but it never dwindles to 
nothing. Gravity is the force that 
holds a spacecraft in orbit around 
Earth and stops it from escaping 
into space. Astronauts inside 
the spacecraft become weightless 
because they are orbiting with the 
spacecraft—in effect, always falling 
toward Earth. They train for life 
in space inside a special aircraft 
that goes into freefall for a 
few minutes. Just like in 
orbit, everything inside 
becomes weightless. 


Light enters through telescope 


Eyepiece 


Arm moves 
with mirror 
to show angle 


User reads 
the angle 
on the scale 


THE SPEED OF LIGHT Bs Soe 
In 1676, the Danish astronomer Ole Pg 
Romer measured the speed of light oe 
using Io, amoon of the planet Jupiter. 
Newton's laws of motion predicted Io's 
motion. It is hidden when it moves 
behind Jupiter, but Romer knew 

the exact times Io would reappear. 
However, he found that the moon 
appeared 10 minutes late—the time 
its light took to reach Earth. The 
delays got longer as Earth orbited 
away from Jupiter. Romer calculated 
that light traveled at 137,000 miles 
(220,000 km) per second—only 

25 percent slower than the true value. 















THE FINAL PUSH 

Every object has momentum, 
calculated as the object's mass 
multiplied by its speed. Heavier 
and faster objects have greater 
momentum, while stationary 


objects have zero momentum. Balls at 


When a moving ball hits a Wire | rest transfer Final ball 
stationary one, it stops, but the / momentum begins to 
combined momentum of the two | to final ball move 


balls is conserved, or stays the 

same. A force from the first 

ball pushes the second 

one, making it move 

away with equal 

momentum. The balls 

in Newtons cradle do 

this. The momentum of 

the swinging ball passes 

through all the others until 

it arrives at the farthest ball, 

making that one swing away. Newtonss cradle, a toy that 
demonstrates his laws 


THE AGE OF ACCURACY 
Newton's laws described the universe working 
like clockwork. Everything moved in a way predicted 
by his principles. Designers could use precise forces 
and masses to make ever more accurate machines. 
Clocks were no exception. They used rocking 
pendulums to beat out the seconds. It was 
essential to know the time at sea, because the 
time of sunrise told sailors their longitude (their 
east—west position on the globe). However, 
pendulums did not work on ships, because the 
motion of the waves affected their swing. In 
the 1760s, spring-powered clocks called marine 
chronometers, built by John Harrison, were the 
first to maintain precision on the oceans. 


Harrison's chronometer 


Astronauts practice in 
the weightlessenvironment ¢ 
of a training aircraft 
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FLY THEM TO THE MOON 

When in 1961, US president John F. Kennedy 
ordered NASA to put astronauts on the Moon 
before the end of the decade, there was a lot 
of work to do. But one job had been done 
already—by Isaac Newton. His laws of gravity 
and motion told NASA scientists exactly how 
much force a rocket would need to send a 
spacecraft on a path to the Moon. The Saturn 
V rocket would have to be the most powerful 
launcher ever built. It propelled a series of 
Apollo spacecraft to the Moon between 

1969 and 1975, and nothing bigger has 
flown into space since. 





































es Scientific method 


‘ 





Mopern scientists WorK BY following the scientific 
method. They begin by asking a question. Next, they find 
out more about their problem by collecting information, 
which helps them to come up with a possible answer to 
the question. This idea is known as a hypothesis, which 


ics ke | is then tested with experiments. They design experiments 
For example, why is the tongue that may or may not produce results predicted by the hypothesis. 
Giada aa care aang An unexpected result means that the hypothesis must be wrong. 
have this coloring, and the rest of Scientists publish their results to let others know what they have 
ee found. Other scientists repeat the experiment to ensure 

desert surroundings. Biologists that the original experiment was performed correctly. °} 


have learned that the skink uses 
the vibrant color of its tongue 

to frighten away its enemies. IDEA 
The best scientific ideas have the power to 
predict. In 1974, two scientists were studying 
CFCs, chemicals used inside spray cans and 
refrigerators, when they discovered that CFCs 
reacted with a type of oxygen called ozone. 
This gave them the idea, or hypothesis, that 
CFCs might destroy the protective layer of 
ozone high in Earth's atmosphere. In 1985, 
an enormous hole was found in the ozone 
layer, which supported their hypothesis. 
CFCs are now banned, and the 
ozone layer is regenerating. 



























Camera looks at the 
area around the rover 


Radio antenna sends 

information to Earth 
Solar panels collect 
energy from sunlight 
to power the rover 





OBSERVATION 

Investigation helps scientists form better ideas. Just 

100 years ago, some scientists thought that the planet 
Mars was covered with canals. They claimed that this was 
evidence of an ancient Martian civilization. It was only when the 
first spacecraft landed on the planet in 1976 that they found out 
that Mars was a lifeless desert. However, later probes sent to Mars 
found evidence that simple alien life might have existed there 
billions of years ago. The latest NASA rovers on Mars are 

collecting more information to test this idea. 


Pendulum swings freely in one 
vertical plane above the dial 


Rover analyzing soil 
samples on Mars 








EXPERIMENT 
Scientists have known for centuries that Earth spins 
around every 24 hours. That is how they explain why 
the Sun rises and sets each day. However, no experiment 
directly demonstrated Earth's spin until 1851, when 
physicist Léon Foucault set up this giant pendulum in 
Paris. The pendulum swings in a fixed plane—it just 
sweeps back and forth and never swings in other 
directions. However, after swinging for hours above the 
dial, it seemed as if Foucault's pendulum were moving 
clockwise. It was actually the dial that had rotated 
counterclockwise beneath it. The dial was moving as Earth 
rotated, while the pendulum kept swinging in its fixed 
plane. At last, here was evidence that the world turned. 
































ANALYZE RESULTS 
Every experiment produces data—a set of 


ats 


int 


to pinpoint this faulty gene. 


Studying 
genetic data 


SHARING KNOWLEDGE 
Scientists tell as many people as 
possible about their discoveries. 
Their colleagues check their 
work, and if they disagree 
with the results, they say 
why. Others agree, and 
use the data to develop 
and test their own ideas. 
However, science 
sometimes hits the 
headlines. During the 
Biosphere 2 experiment 
in 1991, scientists invited 
photographers to cover the 
event. The scientists locked 
themselves in a giant, isolated 
greenhouse for two years to test 
ways of being self-sufficient. 


Markers help to measure the 
angle by which the plane of 
the pendulum’ swing rotates 
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measurements, numbers, or patterns—that has to 
be analyzed to find out what it means. This scientist is 
analyzing a type of data that shows a person's DNA 
(which contains the person's genes, see page 50) 
as a unique pattern of stripes. People with a stripe 
in the same position might possess the same gene. 
Scientists studying data like this have 
found that most people suffering from 
a certain disease of the skeleton share a 
gene called B27. However, most people 
with this gene do not get the disease. 
The disease could actually be caused by 
another gene sitting close to B27—so 
if you have the disease-causing gene, 
you will have B27 as well. Researchers 
continue to analyze genetic patterns 
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REPEATABILITY 
Scientific experiments must be repeatable so that the 
results can be verified. In 1989, two scientists claimed 
that they had discovered “cold fusion’—a method of 
generating nuclear power using the apparatus seen 
here. However, when other scientists conducted the 
experiment, they found that the system did not 
work. The claims of cold fusion had been untrue. 











INSPIRATION 
Scientists are often inspired by 
discoveries made by others. In 2010, the 
biologist Craig Venter decided that people 
had such an understanding of how genes 
control living organisms that he could build 
an artificial life-form. He chose a tiny life-form 
called a bacterium and removed all of its natural 
genes. He put together a series of artificial genes 
and placed them inside the bacterium. The modified 
bacterium lived and reproduced normally. It is 
similar to the Mycoplasma bacteria seen here. 


Dial rotates in a 
counterclockwise 
direction in 

the Northern 
Hemisphere 



























Many elements 


EveryTHING IN THE UNIVERSE is made up of combinations of different 
= ckalver igtheony elements. An element is a substance that cannot be divided any further 
liquid metal at room temperature. into simpler ingredients. Some elements have been familiar for centuries, 
such as iron and copper, used by ancient metalworkers, but no one 
identified them as elements until the 17th century. 

The first recorded discovery of an element was by 
Hennig Brandt, a German alchemist. In the 
1660s, he discovered phosphorus after boiling 
his urine for hours. A white powder was left 
behind and Brandt was amazed to see that it 
glowed in the dark. He named the substance 
phosphorus after the Greek word for “light-giver.” 


















Copper was one of the first elements 
to be purified, about 9,000 years ago 





Phosphorus exists in red and white 
coloured forms 


METALS £ 
Three-quarters of the universe's 90 or so elements are metals. ‘ 
They are hard, heavy solids, which often shine when polished. 
Pieces of metal do not break easily, but can be hammered 

and bent into many shapes, which makes them very useful AB 
substances. Some metals, such as gold, are found in a pure 
form in nature. They stay pure even after hundreds of years, 
which is one of the reasons why gold is so precious today. Ge 





Whitish zinc is mixed with reddish Microchip Wafer of 


component cut ure silicon 
copper to make golden brass into surface P Todine Became 
purple vapor 


when heated 









DIFFERENT ELEMENTS 
There are about 90 elements that occur 
naturally on Earth, and several more 
that have been created in laboratories. 
Each element has its own set of unique 
characteristics. Most elements on Earth 
are solid, while the others are mainly 
gases. Mercury and bromine are the 
only two elements that are liquids 
at room temperature. 


















SEMIMETALS 
Seven elements are semimetals—their 
properties are halfway between those of 
metals and nonmetals. Semimetals are solid 
and shiny, like metals, but they are also quite 
soft and likely to crumble, like nonmetals. The 
most common semimetal is silicon, which is an Serrecrert 
ingredient in sand and many rocks. Computer Pe oe Solid 
systems are run by microchips made of silicon iodine 
mixed with a few other elements, such as aluminum. 
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orange 
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HALOGENS 
Chemists have organized elements into groups according to their properties. A 
halogen is one of a group of mainly gaseous nonmetals. The fluoride in toothpaste is 
a germ-killer made with the gaseous halogen fluorine. Many cleaners use hina 
halogen that gives swi imming pools their sHange smell. Bromine is the only liquid 
nonmetal, and it is used to fire-proof materiais. Iodine is a halogen used to disinfect 
wounds, and a tiny amount in our food is aperiant for good health. 


ee Sa a ae RS TE OP 


NOBLE GASES 
in the 19th century, chemists 
found that a group of elements 
were missing. Eventually, they 
found them—five aoe: called 
helium, neon, argon, krypton, 
and xenon. The group was namex d 
the noble gases, because these 
elements were always pure and 
almost never eoetes with the 
other elements, so 
they were even pier Noble 
gases are used in fluorescent 
tubes--often better known 
as neon lights, and airships 
are filled with helium, 
a very light gas. 
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PERIODIC TABLE 
Elements are organized 
into 


id into a sysiem called 
Pi the periodic table (see 
j page 64), invented 

| by Russian chemist 

/ Dmitri Mendeleev 


ri! 
Chemists knew that 
each element had a 
unique weight, and 
in 1869, Mendeleev 
decided to combine this 
fact with his knowledge 
of how certain groups of 
elements behave in similar 
ways. His table arranges element 
into columns (groups) and rows 
(periods), and shows chemists how 
the elements will react with each 
other. N eae 's table was so 
accurate that he used it to predict 
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\. Bromine is a 


i710 at ronnie ; : ; s 
liquid at room the properties of gallium, six years 
cemperature before the element was even discovered! 
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BURNING GAS Pillar-like 


i i masses of 

Hydrogen is the most common element in the erage 
Ras’. : C 

universe and makes up three-quarters of all matter. ye mee 
When astronomers look out into space, most of gas 


what they see is hydrogen burning in huge balls Eagle Nebula 


of fire—the stars. New stars form from gigantic 
clouds of hydrogen in space. Hydrogen is also 
found on Earth. It combines with oxygen to make 
water. The name hydrogen means “water maker.’ 


Climber breathes 

oxygen through 

mask as oxygen - 
is scarce at 
high altitudes 





Oxygen supply 
carried in a tank 
in backpack 


ELEMENT OF LIFE 
All animals and plants need a supply 
of oxygen to survive. Oxygen is a gas 

and humans and other land animals get 

their oxygen by breathing it in from the 
air. Pure oxygen makes up only about 
one-fifth of the air—the rest mainly 
being nitrogen—but this is normally 
enough to supply the body. However, 
climbers in mountains face thin air and 
must take their own supply of oxygen 
with them. Alot more oxygen is locked 
away as an ingredient in Earth's water 
and rocks. It alone makes up nearly 
half of the weight of Earth’s crust. 
Only iron is more common on 

Earth and most of that is deep 

inside Earth's metal core. 


ONE AND THE SAME 
Elements remain unchanged even after joining with 
or splitting from many different substances. They 
are always the same wherever they are found. 
This meteorite is what remains of an asteroid that 
might have traveled through space for millions of 
years before smashing into Earth. The yellow 
crystals are a magnesium mineral called olivine 
and they are surrounded by iron and nickel. 
These samples of minerals and elements from 
space are the same as samples found on Earth. 
Most meteorites contain large amounts 
of elements, such as iridium, that 
are very rare on Earth. 


Red crystals 
of cinnabar 





_ Unwanted rock 


MINERALS AND ORES 


p ; Sodium 
ew elements exist as 0.15% 
pure substances on Earth. aoe 
Most are part of more complicated Potassium  \ 
substances that need to be purified 0.25% 


to separate the elements. Most 





often elements are purified from Calcium 
minerals in rocks. If an element is 1.5% 
valuable, then its minerals are often 

called ores. This red rock contains Hydrogen 
crystals of cinnabar, an ore of the 


10% 
metal mercury. Extracting mercury 
from it is easy—the rock is crushed 
and then roasted. However, 
purifying most elements is harder 
and requires heat, electricity, or 
chemical reactions—-or all three. 


Carbon 
18% — 


Oxygen 
65% 


HUMAN ELEMENTS 

The human body is made of more than 

50 elements. Two-thirds of the body is 
made up of water, so oxygen and hydrogen 
are two of the most common eiements. 
Proteins, sugars, and fats contain carbon as 
well, making carbon another major element 
of the body. Proteins also have nitrogen and 
phosphorus in them, and calcium is what 
makes bones hard. These six elements make 
up 99 percent of a person's weight, but the 
body cannot work properly without tiny 
traces of dozens of other elements. 
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Others (in traces) 
0.7% 


Chlorine 
} 0. 15% 
, Sulfur 
0.25% 
a f haaphorss SYNTHETIC ELEMENTS 
1% Scientists can make new elements in 
Nitrogen the laboratory. Some of these may 
3% have once existed on Earth, but 


they are unstable and quickly 
change into more stable 
elements. Technetium was 
the first synthetic (artificial) 
element, made in 1936. Some 
forms of technetium decay 
quickly and release gamma 
radiation (see page 26). Doctors 
can inject tiny amounts of 
technetium into patients and 
use the radiation to highlight 
hard-to-see objects in the body. 


WEIGHING THINGS UP 
Chemists found that elements 
always joined together in fixed 
amounts. For example, two jars of 
hydrogen always combined with 
one of oxygen to make water. 
In the 1800s, John Dalton used 
an idea from ancient Greece to 
explain this. He suggested that the 
unique weight and other properties 
of each element could be attributed 
to atoms, tiny units that made up 
every element. Light elements, such as 
hydrogen, would have small atoms, 
while heavy ones, such as lead, 
would have larger ones. Later 
research proved Dalton right. 
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Circular magnet creates , Rays are emitted 
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magnetic iI inside glass tube ly side atoms 
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ELEMENTS ARE MADE UP of indivisible 
particles called atoms. This idea was first 
suggested about 2,400 years ago by the 
Greek philosopher Democritus. He also 
put forward the idea that rough atoms 
gripped each other while smoother ones 
did not. Scientists found that atoms of 
some elements are heavier than those of 
others. Atoms of different elements also 
join together to make other substances, 
such as water. In the 20th century, 


Cathode 
rays are 
bent 






BINDING RAS scientists determined that atoms are 

In 1897, J. J. Thomson experimented composed of tinier particles—protons, 
with cathode rays—beams created d lect Thi di 

when electricity passes through an neutrons, and electrons. 1S GISCOVeTy 
almost airless tube. Thomson found revealed how atoms really work. 

he could move the rays with electricity 

and magnets. He concluded that these 

rays contained particles that were so Most particles 
small and light that they must have pass through foil 


come from inside atoms. Scientists later 
named Thomson‘ particles electrons. 





INSIDE AN ATOM 
Electrons are negatively charged, and scientists 










knew that their charges (see page 40) must Thin gold foi! Some particles 
be balanced by positive charges inside an — : are deflected 
atom. Atoms are neutral (neither positive Payticies : 
nor negative). Opposite charges attract each \ eg ee . te, | 
other, while similar charges repel one another. : Zinc sulfide screen a 
Scientists knew about positively charged alpha glows when alpha 
particles, but they did not know if they came particles hit it 






from atoms. In 1909, Ernest Rutherford discovered 
the positive parts of an atom, by firing alpha 
particles at gold foil. Nearly ali of them went 
straight through, but a tiny number 
bounced back. Rutherford realized 
that they were being repelled by 
something—a tiny positively 
charged nucleus at the 
very center of atoms. 
He reasoned that the 
nucleus was a ball of 
charged particles he 
named protons. 






Ernest Rutherford’s 
Beam of gold-foil experiment 


alpha particles 


Molten iron being 
Source of rolled ina mill _ 
alpha particles 
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EMPTY SPACE 
Even though atoms are tiny—10 million hydrogen 
atoms lined up would measure less than 0.04 
in (1 mm)—they contain mostly empty space. 
The nucleus is 10,000 times smaller than the 
whole atom. If an atom was the size of 
the Colosseum—the giant arena in Rome, 
Italy—its nucleus would be the size of a 





















pea. The electrons are negatively charged TOUGH METALS 
and move throughout the atom, held in Electrons are arranged in sphere shapes or 
orbit by the positive nucleus. Electrons layers called shells around an atom’s nucleus. 

are 1,600 times less massive (heavy) In metal atoms, the outermost shell is almost 


than protons, so the atom is mainly empty, with only an electron or two. These 
empty space. Electrons move so escape atoms easily and form a sea of electrons 
tast, though, that they seem that are shared by all the atoms of the metal 


/ 


to fill up this space. glueing them together strongly. This “electron 
| | — 7 - glue” makes a metal tough, so it can be rolled 
a og’ hog |. i The Colosseum flat or molded into shapes without breaking. 
























Neutron Yellow sulfur crystals being 
mined from an active volcano 





SHATTERED 
Many nonmetals are gases, and those that 
are solids, such as sulfur, easily crumble into 
powder or shatter into pieces. Their atoms 
do not have loose electrons like a metal 
does. The outer layer of a sulfur atom 
is almost full of electrons. The atom 
clings to its outer electrons and 
does not share them easily with 
its neighbors. As a result, 
most nonmetal solids are 
held together only weakly 
and break apart easily. 
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RADIOACTIVE 

The forces inside an atomic nucleus are not always 
strong enough to hold it together. In larger and 
heavier atoms, the nucleus spontaneously loses 
particles, as small parts of the nucleus break off 
and escape the atom as radiation. This process is 
known as radioactivity and these elements are 
described as radioactive (see page 46). Radiation 
from these elements is dangerous for living 
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al = things. This fuel rod inside a 
=, cooling tank at a nuclear 

\ power plant makes the 

4 water glow because 

Y the uranium 


in the rod is 


Magnesium atom has 
radioactive. 


12 neutrons, 12 protons, 
and 12 electrons in 3 shells 





SIZE AND MASS r. 
Scientists have 7 
discovered that the f 
atoms of each element 

have a unique number 

of protons and electrons. 

This is what basically 

sets each element apart 

from the others. The 

number of protons and 
electrons in any atom is 
always equal, so the positive 
and negative charges balance 
each other. Hydrogen is the 
simplest element. Its atom has 
only one proton and one electron. 
The nuclei of atoms of all other y | eee 
elements, including helium, carbon, and Sy yA sia aa 
magnesium also contain neutrons, which _ PS 
have no charge but help hold the nucleus a6 
together. As the total number of particles Carbon atom has 

increases, the atoms get bigger and heavier. 6 neutrons, 6 protons, Helium atom has 
The heaviest natural element is uranium. It has and 6 electrons in 2 shells 2 neutrons, 2 protons, 
92 protons, 92 electrons, and 142-148 neutrons. and 2 electrons in 1 shell 
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SEEING THROUGH 
Light can easily pass through 
transparent dbjects, such a elass. 
Other objects, such as this bag, do 
nat allow lieht to pass through them, 
reflecting ar absorbing it instead. 
These objects are opaque and it is 
impossible ta see insiae them with 
the naked eye. Acta ¥5 Carry Ith we 
enersy than light and are abie fo 
On etrate man ¥ opaque abject. 
X-rays are invisible, but create 
images on special photographi 


paper. They are useful for medical 
scans, but security staff at airparts 
alse list them fa Scart bags fer 
uTwanted abects, Depending 
on. their density, objects inside 
the bag a bsorb X-rays to 
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up as different shades ol 
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IDENTIFYING ELEMENTS 
The atoms of each element release 
radiation at a particular set of wavelengths. 
Sodium releases orange light, while potassium 
sives oul vidiet hehkt. The colors in Bames P rovide a 
simple way of figuring out which. clements are burning. 
A spectrascope, like the ane above, divides a light beam 


in 1868. Light at helium’s telltale wavelength was detected 
coming from hot gases around the Sun, and so helium was 
naned after helies, the Greek ward for the Sun. 
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DANGEROUS RAYS 
Radiation with more cnergy than 
violet light is called ultraviolet 
rachation {UV radiation}, This is 
invisible to humans, but some 
animals can se¢ it: The Sun gives 
gut UY radiation along with 
light, but a lot of this radiation is 
blocked in the atmosphere by 
a layer of a gas called ozane. 
This keeps us safe from the 
dangerous UY rays that can 
cause sunbuin and even 
cancers. Sunscreens and eye 
profection are a good way of 
staying safe. Certain pigments 
in dark or tanned skin make 
it better protected against 
UY radiation. 


Ski goggles filter out 
harmful UV radiation 





Rays ot light 


‘THe science THAT EXPLAINS how light behaves is called 
optics. The difference between light and other types of 
electromagnetic radiation is that its wavelengths can be 
seen by people and animals. Chemicals in the eyes are 
sensitive to different wavelengths in light bouncing off 
objects all around us. Eyes function as sensors, collecting 
this information for the brain to convert into pictures. 
However, optics is not just about what we see. The study 
of how light interacts with different substances is useful 
in technology. High-speed communication cables send 
information as flickering beams of light bouncing down 





; : ; : SHIFTING IMAGE 
transparent glass WHES known as optical fibers, while a Sometimes light appears to play tricks. Light changes 
DVD player reads a video disk by the way it reflects a laser. direction slightly as it moves between different materials, 


such as air and water. This property of light is called 
refraction. Thanks to this shift, the light bouncing off 
these feet appears to come from the right of where they 
really are—so the feet appear disconnected from the legs. 


BOUNCING BACK 

One of the most familiar things light does is 
reflect. A beam of light bounces off the surface of 

a substance to create a reflection. The reflected light 
creates an image of the substance in our eyes. This is 
a real image. If a substance has a smooth surface, 
such as a mirror, every beam of light bounces off in 
the same direction, creating an image of where the 
light came from originally. The mirror image looks 
as though it comes from behind the mirror. It 
is always back to front and appears the same 
distance away as the reflected object. 
This image is virtual. The sculpture 
seen here is a real image, while 
the Chicago skyline seen 
on it is virtual. 
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Convex lens focuses beams of light 





Concave lens spreads beams of light 


CURVING LIGHT 

A lens is built to refract the light that 
shines through it. However, its curved 
surface makes the light refract at different 
angles. Convex lenses bend light beams so 
they are focused to a single point. Concave 
lenses do the opposite, spreading the 
beams apart. Objects viewed through a 
concave lens appear to be closer, or 
bigger, than they really are, because 

the light passing through them 

has been made to fill 

a larger area. 













Beam of white light 
made of many colors . 


Chicago's 
skyscrapers 
reflected on the 
curved mirror 
surface of a 
public sculpture 


you look up, when the sky seems 


Only red light is 
reflected | 
: | 

































White ball reflects all the 
light and absorbs nothing 


Black ball absorbs 
all the light 


Red ball absorbs all 
colors of light except red 


COLOR QUESTION 
A colored object appears so because of the way it reflects the light that shines on 
it. Sunlight is a mixture of all colors, which add up to form brilliant white light. A 
white ball looks that way because it reflects every shade of light that hits it. A 
black ball does not reflect any light at all, absorbing all of it instead. A colored 
object, such as a red ball, reflects only that color, which has a particular 
wavelength (see pages 26-27). Every other color is absorbed. 


LASER BEAM 
Natural light is a tangle of waves of 
different wavelengths, all shining in different 
directions. Laser light is quite the opposite. 
A laser beam normally contains light of 
a single color, with all the waves lined 
up perfectly. The waves are regular and 
in step with each other, and behave in 
identical ways. This is why lasers form 
straight beams, which reflect and refract 
precisely and make this laser light show 
look spectacular. But lasers are used for 
a lot more than entertainment. They are 
used in bar-code readers, in surgeries, and 
as superhot cutting tools. A laser beam is 
even bounced off the Moon to measure 
exactly how far it is from Earth. 


BLUE SKY 
Air appears to be colorless until 


blue. On its way to the ground, 
some of the light from the Sun 
hits the gas particles in the 
atmosphere and is scattered 

in all directions. The color 

blue gets scattered more than 
the other colors in sunlight. 
When you look up, most of 
what can be seen is the blue 
light scattered across the sky. 


Skydivers in formation 
against a blue sky 



























Jet fighter 
breaking the 
sound barrier 





Sound system 


SouND WAVES ARE INVISIBLE VIBRATIONS that travel through air, 
water, and other substances. Our ears pick up these vibrations. Just 
like light waves, sounds can be reflected and refracted. Sound waves 
also have a wavelength. Low hums have long wavelengths, while 
short-wavelength sounds are high-pitched squeaks. Sounds are 

also described by their frequency. This is a measure of how many 
wavelengths the sound wave moves through in one second. Sounds 
with long wavelengths have a low frequency and those with short 
wavelengths have a high frequency. Unlike light and heat, sound 
needs a medium (something to 
carry it), such as air, water, or 
even rock. Space is silent as 
there is no medium to 
carry the sound waves. 














Thicker strings 
make deeper notes 







Hole through 
which sound 
is released 















MUSIC TO YOUR EARS 
Sound is formed when air is 
disturbed, sending a wave out ee 
in all directions. Most sounds are 
a jumble of many frequencies, so 
they sound like rustles and thuds. 
Musical instruments produce sound at 
a single frequency, creating a note of music. 
Drawing a bow across the strings of a 
violin creates a vibration, which passes 
to the air inside the wooden case. 
This begins to vibrate at the same 
frequency. The sound waves 
produced emerge through the 
curved holes on the violin. 










Bow made from 
horse hairs 







Jar is more than 
3 ft (1 m) wide 













DETECTING QUAKES 
Vibrations inside Earth are called seismic 
waves. These large-scale movements of 
rocks in Earth’s crust send out powerful 
waves, which cause earthquakes once 
they reach the surface. Scientists 
record seismic waves to work out what 
is happening underground. In 132 CE, afk 
Chinese inventor Zhang Heng built this 
detector to pick up the faint seismic waves 
preceding earthquakes. A pendulum 
inside the jar is linked to balls in 
the jaws of the dragons. Seismic 
waves swing the pendulum, 
which makes a ball fall 
into the mouth of a 
toad, indicating the 
direction from which 
an earthquake is 
approaching. 








Dragon jaw 
holds ball 






























Ball falls into 
mouth of toad 
showing direction 
of earthquake 
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SONIC BOOM 

The speed of sound in air is about 

760 mph (1,225 kph). When a jet flies, 
it pushes the air out of the way. This 
creates a shock wave, which grows 
bigger as the jet accelerates to the 








Ah 








| speed of sound. The shock wave is IN AND OUT WAVES 
just air and cannot move faster than Sound waves do not rise and fall like the waves of water approaching a beach. Instead, a 
sound. The jet breaks the sound barrier sound wave passing through air is made up of parts where the air molecules are squeezed 

| when it flies faster than the speed together (compression} and parts where the air molecules are stretched apart (rarefaction). A 

| of sound, powering through the wave is moving along t this S spring in a 2 Similar way. The air does not actually travel along with 
shock wave and leaving it behind. the wave. Small parcels of air just jump backward and forward a little as the wave passes. 


The shock wave then collapses, 

creating a wave of sound, a 
rumbling ‘sonic boom” that 
can be heard far away. 









KEEPING QUIET 

When a sound reflects off a surface, it is heard as an echo. There are 
echoes ail around, but most of them are too faint to be heard. When 
scientists study sounds, they need to get rid of echoes. They use an 
anechoic chamber, with walls covered in soft shapes that absorb ail 
the echoes. In 2005, an anechoic chamber in Minneapolis was 


See awarded the world record for being the quietest place on Earth. 


ars amplify 
sounds received 












SEEING WITH SOUND 
Bats use sound to find their way around when it is too 
dark to see. A bat sends out high- pitched chirps that echo 
off the objects around it. By listening to the echoes, the bat 

can fell exactly where an object is, and may even make out details 
of the object's shape. This is called echolocation. A bat’s calis are too 
high in frequency for humans to hear, but they are very po owerful. 
Using — iali ee muscies, the animal disengages its sensitive ears 


when it calls, otherwise, the loud sounds would deafen it. ; 
; Echoes from body 


parts create images 












Z 
SOUND PICTURES 


Ultrasound machines use echolocation to 
look inside a person's body or at a baby 
growing inside its mother's womb. The 
sound produced by the machine is too 

high in frequency for people to hear, 
but a probe in the machine is sensitive 
enough to detect the echoes that reflect 
off organs or cther objects inside the 
body. A computer uses these echoes 
to create a picture of the body's 
interior on a screen. This system 
is safe because, unlike X-rays, 
the sound waves do not contain 
enough energy to damage 
tissues they travel through. 








Ss States of matter 
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~ A\TOMS ARE NEVER STILL. Even the atoms ina solid object— 
which always has a fixed shape—are v1 valeyecletatca ore ar-valemce)agar 
As the object g sets hotter, the atoms vibrate faster. The stronger 
aleyectelesars mil ovate d atom eveyare (mare) Celiatmaelem-ice)sit-mcerasalae 
Eventually, the bonds will begin to break. Without e elo leted om ereyarer. 
to keep it ‘solid, a substance such as ice melts into a Fepeatepm\yCosjure)e 
idatemlcoyentcm-lecm-jell connec oleh ame atcrcem- tac ele)mcarelercdsmorevarermce 
give the liquid a fixed shape. As the heating continues, 
Plasto everateCMenice) ae ateRantel-lcenntca (ey. acelel ene) 
atoms) float away on their own. The liquid 
has boiled into a gas. This 4 
process also runs in reverse, | | 
As atoms cool, they link 
together again. A gas 
eo are(crarvercmraicemerneye) (alt: 
of liquid, which then 
freeze solid. Solid, 
Nrettbteprctavemexct.u-s ce 
@atemeatsleamcjeciecr 


of matter. 

TAKING THE TEMPERATURE 
Anything can melt, boil, or freeze. When heat is 
Teyalicwem (omenin, ice sculpture, the solid icc 

vater. Heating the water makes it bo 

ater Vi 1POr. his then condenses in the ce 
fo form steam, which is tleating quid drep! 
use water.as a standard to measure lempera 
much heat is it santethine. Water freezes and | 


lempet att res. Scientists called its freezing pr 





mn the Fahrenheit scale ahd 0 degrees on the Celsius. 
We ecules point is at 212°F (100°C). The temperat 
ot evervth ¢ ol Ise compared to these points. For example 


ane i seen ot ahuman body is about 93.671 
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SPREADING OUT 

Gas particles are not connected toa 

move rapidly in all directions, until they encounter 
nd bounce otf a surtace. This process ot spreading 

lel mimes i (cemelienerscepama nem ar wiy't he smoke in 

this parachute display is filling the sky. Diffusion also 

explains how smells spread across a room, and h 

gases move from a breath ot air inside the lung 


Gave acecehtame)(elerem evant ne ras is heavier th 








RISING GAS 

alelarcti me bats iele 

on is whizzing 
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[hat makes it spread out more, 
1d so there is less air inside than 
\s a result, the balloon 
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GO WITH THE FLOW 
Most metals do not melt unless they get very hot. However, 
the metal gallium has an unusually low melting point. This 
piece has melted because of the warmth coming from the 
person's hand. Strangely, the liquid gallium is not wet. Wet 
liquids, such as water, spread out over a surface and 
wet it, while gallium stays as a distinct blob. 
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Gas flame 
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FROZEN FLOAT 

Bitepebret-mc:) comejomeatescamcereyen 
than solids, since their atoms 
are not packed so tightly 
together. However, there is one 
exception to this rule. Water 
actually expands as it freezes 
alco m (ace Wabicmt-melce:leliomeats 
jumbled water molecules spread 
out into a wider pattern when 
they freeze into an ice crystal. 
OW abtwrate) <o-m ecm (ame(oaiemeitie 
water and so it floats. Even an 
iceberg as large as a city would 
float. If ice were to sink in water, 
he wvelerlem-ie-\meceyAsamelamaars 
ofolaceppamcvaremsees(elerlinmonerice 

up until all the water was ice. 
Rivers and seas could freeze 
solid, killing every living thing 
in the water! 


FOURTH STATE 
Some scientists say that there is 
Pm Coleruaem jel (ame) maatsica ment ica, 
plasma. It is formed when a 
gas gets hot enough for its 
atoms to break apart. The 
heat strips off the electrons, 
making some of the atoms 
into ions. Plasmas glow as 
the free electrons and ions 
collide and form new atoms. 
Che bright plasma in this 
lamp was made by running 
electricity through gas, but 
plasma is nol artim Coreraremelel 
in space. The tail of a comet 
contains plasma, and solar flares 
are clouds of plasma that burst from 
the Sun. Some flares can short-circuit 
electronic equipment in satellites 


and power grids. Plasma lamp 








Mixing it up 


Many common sussTANCES are actually mixtures of 
several separate ingredients. Mixtures are either even or 







































uneven in composition. An example of an even mixture ag 
is seawater, made from salt and water. Salty water 

TYPES OF MIXTURE .. looks the same as pure water, because the salt 

pHese Marve’ ate UTES OF dissolves—spreading out evenly in the water 


colored glass that were swirled 


together as hot liquids before being | aNd becoming invisible. The same is not 
cooled into solids. There are many true of mud, an uneven mixture. 


kinds of mixture. A solid or gas eae 

dissolved in a liquid forms a mixture In mud, blobs of soil just float 
called a solution. A liquid mixedinto  ; zag 

a solid forms a wobbly gel—tike rut +11 Water—they are not evenly 


jelly. A gas mixed into a solid creates spread through it. So the soil is 


foam, while a liquid mixed into a gas . = 5 . 

rope an acrcesl $pisy. still visible, and the mixture 
looks like a combination 
of its ingredients. 


MIXTURE OF MIXTURES 
Ice cream is difficult to make at 
home because it is a complex 
mixture of sugar, flavorings, 
water, cream, and air. The water 4 
is actually a half-frozen mix of 
water and ice, with sugar and 
flavorings dissolved in it to 
produce the sweet taste. Cream 
does not dissolve, but breaks up into 
tiny blobs of fat that blend with the water, 
creating a cloudy mixture called an emulsion. 
Bubbles of air are stirred in to make this gooey 
emulsion softer and more pleasant to eat. 





Ss J A scoop of mango 
poe gee ice cream 




















MERGING METALS 
Two or more metals blended together form 
an alloy. Alloys are useful mixtures. Several 
thousand years ago, people learned how to 
mix copper with tin to make bronze. This 
alloy was much stronger than pure copper 
and was good for making tough objects, such 
as this helmet. Metals mix together well 
because their atoms share electrons 
easily with each other. The most 
important alloy used today is steel, 
which is iron mixed with carbon 
and small amounts of other 
metals. This makes steel 
harder but also more cee 
flexible than pure iron. ea We 


Bronze 
helmet like 
> those worn by 
gladiators in 
ancient Rome 






os Sie Mixture of liquid and solid 
*URIFYING PROCESS Muslin cloth filter 
(he ingredients in a mixture are not 

oined together—just spread out 

umong each other. A mixture can 

hus be split into its ingredients quite 

sasily. For example, a mixture such as 










ONE WAY THROUGH 

Filtration separates ingredients in 
an uneven mixture based on the 
sizes of the different ingredients. 


i solution can be purified by heating ie bee Peo Filters can be made of paper, cloth, 
t until the liquid portion boils away, aT CE ? * * — or metal—anything that has a lot of 


eaving the solid ingredients behind. 
[his is how salt is commonly 
»btained from seawater. 
[These workers in Kerala, 
ndia, are collecting crystals 
af pure sea salt, left in 
shallow ponds after the 
seawater has evaporated 
nthe Sun. 


tiny holes. One ingredient can pass 
through the smali holes in the filter, 
but the other ingredients cannot. Filters 
are used in many ways. Muslin cloth is 
used to separate solids from solutions 
in experiments, while beds of fine sand 
are used to filter out the solid waste 
from sewage waiter. 




















Clear liquid flows 
through into jar _ 


Colorful wax 
churns through 
hot water ___.___ 


WON'T MIX, CAN'T MIX 

Some things never mix. Oil in water floats up 
to the surface and forms a separate layer on top. 
The oil and water do not blend, so they stay pure 
even when both are put together. This lava lamp 
is filled with water and wax—as a pair, these are 
immiscible (non-mixing) substances. The lamp 
heats the wax, which melts and moves around 
in the water, never mixing with it. 


ON THE MOVE 
Different ingredients in 
a mixture move through a 
substance at different speeds. 
This principle is used in 
chromatography for separating 
mixtures containing similar 
ingredients that are hard 
to separate. Dark ink, for 
instance, contains several 
colors of dye. The dyes soak 
through blotting paper at 
their own speeds, so each dye 
travels a certain distance, 
creating a band of 
single color. 





Ink dyes separated 
on blotting paper 




















Chemical reactions 





Pointer shows that 
the sides of the 
scale are balanced 


A\TOMS OF MOST ELEMENTS COMBINE with atoms of 
other elements to form new substances known as 
compounds. These have different properties from 
the elements that combined to make them. For 
example, atoms of hydrogen and oxygen—two 
gases—react to make liquid water. Compounds 
form during chemical reactions, when 
atoms rearrange themselves into different 
combinations. The atoms in a compound are 
chemically bonded together. They form 
bonds because atoms are more stable 
when connected. Some chemical bonds 







Hydrogen 
atom 


Chlorine 
me atom 





Sodium 
atom 















































; : Sodium 
involve atoms sharing electrons. baronlele Hydrochloric 
Other bonds form when one atom (NaOH) acid (HCI) 


gives electrons to another. 





EATEN AWAY 
The rust on these old iron keys formed 
due to a chemical reaction between 
iron, oxygen, and water. Rusting is 
a type of corrosion—a chemical 
reaction that wears away, 
or erodes, substances. The 
compound in rust is called 
iron oxide, which forms as brown ff 
flakes on the metal. Eventually, 
the whole key will turn to rust 
and break apart. Corrosion also 
makes copper turn green, rubber 
snap, and plastic crack. 


= 





Sodium chloride Water 


REACTING MOLECULES 
Two or more atoms bond together to 
form a molecule. Every compound has its 
own unique set of molecules made up of 
certain atoms connected in a particular 
shape. During a reaction, the molecules 
break up and the atoms rearrange 
themselves into new molecules, 
forming new compounds. For 
example, when sodium hydroxide 
reacts with hydrochloric acid, the 
sodium and chlorine atoms come 
together to form sodium chloride, 
or common salt. That leaves two 
hydrogen atoms and an oxygen 
atom to make a molecule of water. 
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Heating forms 
brown nitrogen 
dioxide gas 


Cooling forms 
colorless 
dinitrogen 
tetraoxide gas 





Glass dome 
traps gases 

WORKS BOTH WAYS 

Many chemical reactions work in only one direction. 

Once a final compound has been produced, it does 

not change back into the initial substances. However, 

some reactions are reversible. For example, nitrogen 

and oxygen react at high temperatures to forma Fresh pear Scale pan holds 

brown gas called nitrogen dioxide. When this gas in airtight container on 

cools, the atoms rearrange to form a colorless container weighing scales 


gas called dinitrogen tetraoxide. This compound 
changes back into nitrogen dioxide when it warms up. 






36 





NOTHING CREATED OR DESTROYED 
Atoms are not created or destroyed during chemical 
reactions. The number of atoms at the end of a reaction is 
always the same as it was before the reaction. The atoms are 
just bonded to new neighbors. In this imaginary experiment, 
a pear weighs the same when fresh as when it has rotted away 
into a moldy siudge due to many different chemical ‘eikines 
Much ofthe rotten pear has turned into gases, but 
these still contribute to the overall weight. 



































, Bread has undergone 
if urther chemical 
| reactions during baking 


a i, ft 
Deugh left 
to rise 
before 
baking 






Yeast addea to 


dough mixture 


A HELPING HAND 

Some reactions occur in a fraction of a 

second, but others may continue for years. 
Heat normally makes reactions run a bit faster. 
However, some reactions are so slow that they 
would hardly happen without help provided 
by substances called catalysts. A catalyst is 

not used up in a reaction, but only brings 

the ingredients together so they can react. 
Bread dough rises thanks to yeast—a 

fungus that acts as a catalyst. Yeast speeds 


denies pe fy 
up the conversion of the sugars in flour <<“ 
into water and carbon aes gas, > 


which makes the dough puff up. 


Dome contains se! 
and gases release 
as the pear rots 
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Dropi ets of water 
released ft conn fruit 
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a the fr esh pear 



































Iron and 
sulfur mixture 
HEAT NEEDED 
Many chemical 
reactions can only star 
shen the nenediens are hot. 
lron and ule need to be heated 
ogether to make them react to form 
iron sulfide. Once enough heat energy has 
been provided, the reaction will start and 
begin to give out energy. The iron sulfide 
reaction actually gives out more energy than it 
initially uses. Scientists call this an exothermic 
reaction. The products end up eing very hot. Other 
reactions are endothermic —they release less energy than 
that used to make a em start. These reactions may even take 
t from the surroundings, causing a drop in temperature. 


Gas flame 
bunsen 
burner 






from 


BURNING ISSUE 

Oxygen is one of the most 

reactive elements. It often reacts with 
compounds and other elements with a 
burning reaction called combustion, 
giving out hen and heat, which appear 
as flames. An industrial oxyacetylene 
torch uses oxygen and burns at 6,300°F 
Pee 500°C). It melts metal pieces so 

y can be weided into a single unit. 

: wbuation is perhaps the m .ost useful 
chemical reaction. Humans have used 
fire for more than 500,000 years to keep 
warm and cook food. Today, we still 
rely on combustion to release energy 
from the fuels used to drive cars and 
generate electricity in power plants. 


molds and bacteria 
sause chemical 
reactions as they 


use the pear as food 










Acids and alkalis. 


CHEMICAL REACTIONS HAPPEN all around us, not only in 
laboratories. Many of them involve chemicals called acids. Acid 
molecules exist in different shapes and sizes, but all have a 
hydrogen atom that breaks off easily to attack other chemicals. 
Acids are often dissolved in water, and when the hydrogen 
atom breaks free, it becomes a highly reactive ion—an atom 
missing its electron. Acids react most strongly with alkalis, 
which are chemicals that release hydroxide ions, made from an ed, 
oxygen and a hydrogen atom. The hydrogen and o 4). )""4“ 
hydroxide ions react to form water. The gray: 
rest of the acid bonds with the alkali, 9° ° 


























SOUR, NOT SWEET 

Acids are common in nature. Lemon 
juice tastes sour because it contains 
citric acid. This weak acid releases few 
hydrogen ions and is safe to swallow. 
Some natural acids are strong enough 
to react with skin, making it sore. A 
nettle sting is caused by tiny amounts 
of strong acid on the hairy leaves. 




















Bath soap 
Laundry detergent 


CLEANING CHEMICALS 
Soap is made by an acid-alkali reaction. Soap 
makers combine fatty acids (complex acids in 
plant and animal oils and fats) with a strong 
alkali, such as sodium hydroxide. These react to 
form soap—an alkaline mixture of salts. The salt 
molecules have two parts. The part that dissolves 
in water is hydrophilic, meaning it “loves water." 
The other part is hydrophobic, meaning it “hates 
water," and only mixes with grease and dirt. 
Soap cleans by collecting lumps of dirt with 
the hydrophobic end. Then the hydrophilic 
part mixes into water and the whole thing is 
washed away. Synthetic detergents, such as 
laundry detergent, work in a similar way. 
FEEL THE BURN 
The build-up of an acid 
makes our muscles feel 
tired after exercise. Muscles 


_ FIZZ BANG 
_ A reaction involving an acid is often 


- exciting, with fizzing gases and colorful get energy by using sugar 
crystals. The reaction normally ends as fuel. The lungs and 
with the formation of two or three blood supply the oxygen 


new chemicals. In this flask, nitric 
acid is reacting with copper. Orange 
nitric oxide gas bubbles out, and the 
copper disappears as it forms a green 
salt called copper nitrate. It is very 
different from the salt in food, but ° 
both are formed by an acid reaction. 


needed to release energy 
from sugar. When the 
muscles have to work 
hard, the lungs cannot 
provide enough oxygen 
to them, and sugar is processed 
without oxygen. This oxygen-free process 
turns the sugar into lactic acid. When 
the acid builds up, it creates a burning 
sensation inside tired muscles. 
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Alkali 
tablets 
in water 


STOMACH ACID 
Acids are at work inside the body. The strongest acids are in 
the stomach, where they break up solid food. Stomach acid 
is very strong—100 times more concentrated than iemon 
juice. This is enough to dissolve metals or damage skin. The 
wall of the stomach is protected by a lining of acid-proof 
mucus. Indigestion is caused when the acid leaks out of the 
stomach and burns the esophagus, or food pipe. Tablets 
taken to cure indigestion contain an alkali, which reacts with 
the stomach’s acid, turning some of it into harmless salts. 





Carbon dioxide 
bubbles out as fizz 




















BUBBLE MIXTURE 

The bubbles in carbonated drinks are produced 
by a very weak acid called carbonic acid, which 
is not reactive. The acid molecule is unstable 
and breaks in two quickly. The acid splits to 
make water and carbon dioxide gas, which 
bubbles out. Large amounts of the acid are put 
into carbonated drinks before they are sealed in 
bottles. Once opened, the acid gives out its gas, 
but when the acid runs out, the drink tastes flat. 
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Bleach 
(strong alkali) Soap 
(mild alkali) 





Water 
(neutral) 


COLOR INDICATION 

The strength of an acid or alkali is measured 
using the pH scale, which involves calculating | Lemon juice 
the number of hydrogen ions in a substance. (mild acid) 
Chemists use chemicals called indicators to check 

PH levels. Indicators change color according to 

the pH value. Strong alkalis, such as bleach, have a pH of 13 

or 14, which means they have very few hydrogen ions. Strong 
acids, such as stomach acid, have a pH of 1, which means they 
have about 1 trillion times more hydrogen ions than do alkalis. 
Acids and alkalis react to form neutral compounds, such as 
water, which is neither acid nor alkali and has a pH of 7. 


Stomach acid 
(strong acid) 


RAINING ACID 

Rain is naturally a weak 

acid. Carbon dioxide gas 

from the air reacts with the 
rainwater, making carbonic 
acid. However, pollution from 
factories adds other gases 
into the air, which form much 
stronger acids with rainwater. 
Rain containing sulphuric 
and nitric acid causes a lot 

of damage. Acid rain makes 
the soil infertile for plants 
and kills the fish in rivers 

and lakes, while acidic fog 
kills trees in cloudy mountain 
forests near polluting factories. 









Getting electric 


Eecrricity Is ONE of the basic forces of 
nature. Every atom contains particles that carry 
electrical charge, which can be either positive 
iaitind (protons) or negative (electrons). Particles with the 
ssireael Salona dt aenecia same kind of charge repel each other, while opposite 
ate eka §6—-Charpes attract. If charged oy-Vua (el Cor-me-vavalelmentenvom-veeerarer 
p of ancient fossilized @ charge of static electricity can build uP bameyars rae 
, ound th ens Charged particles can sometimes flow, however, as free 
rubbed amber with cloth, electrons in a metal. They form an electric ccnmet Electric wires 
_ dust and hai clung _ carry these currents, but electricity can also be a flood of ions 
produces the same effect.  (C charged a coyeatmeyupeete) (creel Corp moatenisualcaaercolercdeu-mereneulemm-ielae 
"Teatamberd nen as the acid inside a battery. Electricity is useful because the 
electric charge, and things ~— power Of the moving particles can be converted into heat, 
haree is balanced oat,  Ught, movement, and other 


charge is balanced out. 
handy forms of energy. 





PILE OF ELECTRICITY 
At first, scientists thought 
€ lectricity was created in 
bodies as a mysterious ‘lif 
However, in 1800, the Italian 
estas al el) alias s-laleieem Lelie miahucalene| 
evewed (art tt ic battery, wane produce 
electricity using 
rhe batte ry, known a 
Pantene a pile of copper and zin« 
disks bathed in acid. As the acid a1 
metals reacted, electrons moved 
davuelerssomaotem oy! (mma Mm iulcomartntettirs 
from t the top of the pile to the PUSHES one PULLS 
bottom created a simple circuit The ¢ feleceatbarcaigast-metame(em @terlimersaleesite) a 
Moyardeoma (aus (mrattecailm comer hic ch ree a The charge is static and doe 
elaelepare may (eliare) mceler-h avomer-batccconeleLmeelancspl@attavallalc@aatce)ttcaamataem a 
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} 
Po 
> 


nT: \ ome) 0) sxe)-) icamal atzbeciel WG aica ars ltee-(a@cr-(etmelaate iba _ Ince 
out. However, objects with the same chanve > repel, or push 
the same way. away from each other. This repulsion is cr ating the pit 
hairstyle. Each strand of hair has t! 7 
is pushing away from all the othe: 





HOT SPARK as Ra ee 
ARK MAKE THE CONNECTION 

) i 10° 1 Six Y) fhe Writ Ino * ean . . 

uring a storm, the swirling air can An electrical current flows when a complete loop, 


atic charge in the as a 4, or circuit, is made. To powel Gabteme (ole om Gaver: e)e)( 
released w nen Race “ is acting as a battery. Like the Voltaic pile, 
ining a giant spark of gt as vai 7 ' ~ it is full of acid, which contains charged 
flashes to the ground. pieewee <0% particles called ions. When someone 
und ine Hash expands pushes eo} 0) oes mrs nLe Ala Lem cele Minicom ante 
1 exp! es SaMSiig thunder. c- . Ss iiiciiilas apple, the metals react with the acid. The 
lillions of lightning strikes a 7 ae electrons pass through the copper rod, into 


id every day. Each one a pS avemslelepectalemen dl @nut:mencwAlnenceleme Mell maceci(a.e: 


nergy to heat the ait tae rod ‘ Jia voltage (electrical pressure } that torces the electrons 


surtace of the Sun. : in the copper wire to flow like water in a river. The 
wer of their movement drives the clock. 
insulator 


Lightning contains acta OVEr COpper Wire 





strike 


CARRIERS AND BLOCKERS 

lhe force pushing electricity is 
measured as voltage. A metal 
needs only a small voltage for 

a current to move through it. 

Fhe metal is a good conductor 
because its electrons move easily. 
Other substances, such as plastics, 

are insulators. Even large voltages 


+ 


nough to push a current 
hem. As a result, a current 
‘tal wire, but will 


tic cover. 


MINIATURE CIRCUIT 

A microchip is a tiny electric 
circuit. All the circuit's wires 
ebalamele oleae (ents (alm: ynemelei wale 

Galen ythat-(qcme) mms lared em ey(rmame)| 
silicon. Silicon is & Semiconductor. 
mlosenlerebentamiaaerate lela e-mel(crelisatt ity 
while at other times it does not 
Silicon circuits can be very 
complex. Semiconducting 

Vaile secu atleameismatats el leversttiae: 
current into and out of areas 

Oy Galena ablome Wett-mojemeysmer-laccun 
forms the basis of how computers 
store files and ruin programs. 


LIVE WIRES 
One of the first places scientists found 
electric currents was inside the body. 
In the 1780s, Luigi Galvani discovered 
that an electric charge made a dead 
frog's legs twitch as if it were still 
The body makes electricity in the 
reurons (nerve cells), which sen 
signals around the body in the torm 
of electric pulses (moving charges). 
A pulse starts when ions flood out 
of the neuron, creating an electric 
charge. This charge becomes a pulse 
when it starts rushing down a wirelike 
part of the neuron called an axon toward 
the next neuron. The human brain is a S ae Neuron starts 
esbaceiimeeyaie-veetbatcmestiitevatme)marattcesnmuuien electric pulse 
many billions more axon connections. | 
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‘Te worp MAGNET comes from a region of Greece called 2 a es 
Magnesia. People began making pure iron here around 3,000 © "negli y 
years ago. Metalworkers found that some iron-rich rocks stuck |)’ 22.94 
to each other and clung to pieces of pure iron. These natural |) i's / 7:4 
magnets—later named.lodestones—were also found in India) \ 4/4 
and China. Early people thought the pull of magnets was. ji, 4f 
magical. It was only about 200 years ago that scientists a 
began to explain it. They found that an invisible field of 
force—the magnetic field—surrounds a magnet and 
affects objects made of iron and steel in its vicinity. 

Iron and nickel are among a few metals that make 
good magnets, but magnetism has no effect on 

other metals, such as aluminum, tin, or copper. 


Iron filings 
follow shape of 
magnetic field 


Pointed 
lodestone 
on Chinese 
compass 


North pole 
of magnet 





FINDING NORTH 


The compass was probably invented 
in China about 1,800 years ago and 
people used it in rituals because they 
believed it had magical properties. 
Later, compasses began to be used 
for navigation. A compass contains 

a magnet that can freely swing in 

all directions. The small compass 
magnet is pulled on by a much larger 
one—Earth itself—and so it always 
points to the north. This Chinese 
compass is used in rituals to point 

to sacred places in the landscape. 


INVISIBLE FORCE” ~~ fs . | 
Magnets are surrounded byan * 4 /-. %, ~ "F 
invisible force field that attracts magnetic 7 A ; j : 2 
substances such as iron. Magnets push’and » / / yp if j ea 
pull on other magnets. The force field loops “4 #/ 
around the magnet from one end, called the  , A ; 
pole, to the other. The north pole of the magnet’ /// f #” 
points to the north of Earth’s magnetic field, and 
the south pole is at the other end. Opposite poles 
on different magnets attract each other, but 
like poles push each other away. 


MAGNETIC PLANET Fluid rises into 
Earth's core is made of iron, spikes due to the 
the most common magnetic force of a magnet 
metal. An inner core of solid underneath : 


iron spins within an outer layer 
of hot liquid iron. This creates 
an immense magnetic field 
that reaches far out into space. 
Every day the planet is blasted 
by solar wind—dangerous rays 





and particles from the Sun. 
The magnetic field blocks this 
deadly stream and funnels it 
down to Earth's poles. There, 
the solar wind smashes into the 
atmosphere, creating “aurorae” 
light shows—also called the 
Northern and Southern Lights. 


LIQUID MAGNETS 

Only solids can be magnetic, but scientists have found a way of 

making liquid behave as magnets. This liquid, called ferrofluid, 

is made of millions of tiny specks of magnetic iron mixed in an 

oil. A magnet held underneath affects the iron particles in the 

ferrofluid, making it flow into unusual shapes. Ferrofluids are 
used as lubricating oils inside machines that use moving 
magnets. Their magnetism holds them near the magnets. 































. from both poles 


HARNESSING POWER 

In 1831, Michael Faraday discovered that moving a 
metal wire through a magnet's force field made 

a current of electricity run through the wire. This 
process, known as induction, is used to generate 
electricity inside power plants. Electricity 
generators in power plants need to make the 
magnets inside spin around very quickly. 

In a hydroelectric power plant, river water flows 
through a dam to drive propellerlike turbines, 
which spin the magnets. The rapidly spinning 
magnets induce a large electric current inside cables. 
These carry the current from the dam to towns 
and cities, where it powers lights and machines. 








Compass needle is 
parallel to magnet 
& \ at equal distance 


| River water isi 
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above dam pins the 
turbine 
























TURN OFF AND ON 
Permanent magnets always produce a 
magnetic field, but there are some magnets, 
called electromagnets, that can be turned on 
and off. An electromagnet is powered by 
electricity. When a current runs through 
coils of wire inside, it creates magnetism. 
When the electricity is switched off, the 
magnetic force turns off too. Cranes in 
scrapyards use steel disk-shaped 
electromagnets to move heavy loads 
of scrap iron. Electromagnets are 
ee also used in automatic car 
locks and loudspeakers. 


Compass needle 
aligns with 
magnetic field, 
pointing to 
magnets pole 


Magnetic disk Spindle moves 


over the disk 
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of magnet » 
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STORING INFORMATION 
The information and software on a computer 
is stored as a magnetic code. A computer's hard 
disk contains billions of individual magnetic 
units that can be magnetized or demagnetized 
by a second magnet on the tip of a moving 
needle or spindle. Sequences of magnetized and 
unmagnetized units make up a computer's code. 
Once the code has been saved onto the disk, the 
spindle’s magnet can read it back—or delete it. 
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Iron filings cluster 
at pole, where force 
field is strongest 


Power lines carry 
electricity to towns 
and cities 















Current produced 
is boosted to a 
high voltage eg 
Magnets inside 
generator induce 
electricity in cables 





Turbine spins 
magnets 


Water floods out 
below the dam 


Water flow 
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Buried chemicals 


Most or THE FUELS that people use come 
| from petroleum. The word petroleum means 
Diamond : oa . . 
structure rock oil, but it is really a mixture of chemicals 
made of hundreds of different solids, liquids, 
and gases. Petroleum chemicals are described 
as organic because they formed from the 
remains of ancient living things buried deep 
underground for millions of years. Most of the 
Jee organic chemicals in petroleum are made from 
raphite ; 
structure just carbon and hydrogen atoms and are known 





Diamond 





Pencil with 


raphite ti : 

senate. as hydrocarbons. A single carbon atom can form 
FORMS OF CARBON " i 
Pie carbon existe taaialy in two different strong bonds with four other atoms. This allows 
forms. In a diamond, the carbon atoms carbon to form very complicated molecules made 
are arranged in a very strong network f | h : d : f t N 
of pyramids. This makes diamond the up OF long Chains and ngs OF atoms. INO One 
hardest substance of all. The other major knows how many organic compounds 
form—graphite—has layers of atoms : ‘ 
arranged in hexagons and is so soft that there are, but so far, scientists have 
it is used as the “lead” in pencils. Organic recorded several million. 


molecules also contain similar hexagonal 
and pyramidal structures and can even 

form into complex ball shapes with 60 OIL FROM ROCK =. 
or more carbon atoms. Petroleum formed from dead plankton rn SSS 
(tiny living organisms floating in the a ata 
seas) that settled in thick layers of 
ooze on the seabed millions of years 
ago. Mud and sand covered the ooze Sets 
until it was buried deep within. > eee .. 






















Light Without any oxygen to react with it, 
hydrocarbon N the ooze gradually broke down into a 
ee sludge of hydrocarbons. A lot of the 


oil trickled to the surface, forming tar 
pits or mixing into the ocean, but 
some was trapped in underground 
lakes of petroleum. People drill 
deep through the rocks in the 
Earth's crust—sometimes many 


| bs miles down—to tap into these 
om © ni hidden reservoirs. 
2 





Gasoline 
(car fuel) 
, | Alkenes 
: (used in 
: plastics) 
* = ? : 
Kerosene 





(jet fuel) 












Diesel 
(car and 
truck fuel) 


3 HYDROCARBONS 
Z The chemicals in petroleum are ae 
grouped according to how large 
their molecules are. Natural gas § 
is mainly methane, the simplest 






Petroleum 









is heated hydrocarbon, which contains just ’ 
before one carbon atom. Thick tar chemicals “3 
reaching contain more than 70 carbon atoms. 






The groups, or fractions, of petroleum 

separate when heated inside a tall tower. 
The smaller chemicals, such as those 
in gasoline, float to the top, while the 
heavier chemicals do not rise as high. 


the tower 








Heavy tar 
sinks to the bottom 
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OILY BUSINESS RE as. : oe pe 
Petroleum is a go » Middle age aeine 
very valuable natural “re 
resource. Everyone uses ) 
the fuels or other products 







; made from it. No one knows y 
how much petroieum exists 1, < ; 


underground. The world’s working 
oil fields contain about 1.3 trillion 
barreis—just over half of that is 
located in the Middle East. An oil 
barrel contains 42 gallons 

(159 liters), and the world uses 

at least 30 billion barrels in a year. 
So the oil reserves shown on this 
map will last for about 45 years. The 
world will then run out of oil unless 
more hidden petroleum is found. 
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World map 
showing the 
proven resources 
of oi! in 2009 
(in billion barrels) 





Drilling of an 
oi! well in 
progress 
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CHAINED TOGETHER 
A carbon atom can bond with another carbon atom twice, or even three times. 
Hydrocarbons with double and triple bonds are very useful. Chemical engineers 


yer 
> 


moldable substances called plastics. Plastics are polymers, which means their 
long molecules are composed of chains of smaller molecules. The most 
ommon plastic is polyethylene. The “poly-” in its name means many, 
and polyethylene’s molecules are chains of many smaller 
molecules of a hydrocarbon called ethene. Polyethylene can 
take on almost any shape. This roil of plastic sheeting will 
become food wrappers and shopping bags. 
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Oil paint 





USED FAR AND WIDE 
Chemical reactions can combine organic molecules or alter 
them, forming a huge range of substances—many of which are 
very familiar. Nylon material, soaps, cosmetic products, and many 
medicines, such as aspirin, are all made from chemicals brought up 
through oil wells. As the price of finding more petroleum goes up, 
so does the cost of making these everyday items. However, petroleum 
is not the only source of organic chemicals. Chemists are looking for 
ways of using coal and even sugar as alternative raw materials. 
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nw Atomic energy 


ScIENTISTS HAVE LEARNED HOW to harness energy eco)eamlcovent-mramanse 
ways. The first is nuclear fission, which breaks an atoms 
nucleus apart. This is what happens inside nuclear 
power plants. The fuels used are radioactive 
elements (see page 25), such as uranium, which 
at Nom (eb ucxepmedan-ie-le) (emrelCe)ent-om @ualemcar-venm Gener 2eya 
of nuclear fuel holds 1 million times more 
conten ea va Garclameatom-rclentcer-loavelerala@e) meel-1p 
The second method is nuclear fusion, 
A ite otal Ee which smashes small atoms together 
the atom. He built a nuclea Cem ot-tcemaat-la eaten ier commeyms(e)iapmantclatare 
te larger atoms. Both processes can turn 
alComacnatc\n hme ar-teamcc-(@elearmeriae mee 
hele (arch mele)pelemmoleim(om-(@alleaicn-ie 
explosion, careful engineering 
om alerexe (ere p 
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Rearenieny ive cleme le 


\TOMIC TESTING 


Say 1 ' 
n.dn 1945, | 
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MUS CXDIOSIO 
Japan alt [he ¢ } 


arplanes on 
only done in uninhabited areas, su 
Bbremeleyenle produces a musl 


mount of radioactive dust, 1 














SOLAR POWER 
All stars generate energy through 
uclear fusion. The Sun, like every other 
is mainly a ball of hydrogen atoms. At 
the heart of the Sun, the weight of all the 
hi wn is 250 billion times higher 
» of air on Earth. This is strong 
Gare atrsloyame) manvelnerccenmelcornity 
sn iomaterslomernremeliersnulel(alm@rveirslaresama ore! 
comes from the Sun is released by these fusion 


reactions at its core, but it takes years for the energy 


1 its way to the surface. From there, the light 
into space and reaches Earth in just 8 minutes! 


Dentertian 


Ejected neutron 
naeleus 


Ultraviolet image 
of the Sun 


PTWO BECOMES ONE 
Most fusion reactions use hydrogen, the 
implest element with the smallest atoms. 
hydrogen atoms contain no neutrons, bul 


some rare forms of hydrogen have neutrons in 
nuclei. Hydrogen atoms with one neutron 
‘known as deuterium, and atoms with two 
Tidcelarwslcemec)i(cemealeleipomm A @ntclnmamelcelcoureren 
ater alercmimoarsrecam Comee) ii (elem nul ener menlaielvemnteca faery 
Mavens errem ipl coms mor avcd Comarca thernamaleca Caecmmugarlan 
is a different element. The atoms of all 
: heavier clements foiind on Earth were 
Fusion 7 ‘: also made by fusion, inside stars. 
releases sore 
energy t} 


fission 


RING OF POWER 


Scientists are building the first fusion power 


o)elalementel@ welcome) avemam (ele) manta neay 


problems. Fusion reactors are fueled with 

vydrogen, the most common element in 

he universe. These reactors have a giant, 
ughnutlike vessel, which carries 


} ee }. a f 29 \ 
hydrogen plasma (see page 33) heated 


“s 


o millions of degrees. A magnetic field 


> 


{ 
keeps the plasma running around in rings 


inside. Two streams of hydregen atoms 
whizz around inside in opposite directions 
before smashing into each other so fast 
that they fuse and release energy, Unlike 
other power plants, nuclear fusion does 
not create any waste, and one fusion 


Scientist preparing the insides Bakes 3 
plant could replace four fission plants. 
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The chemistry of life 
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Au LIVING THINGS, from bacteria to humans, are made 
up mainly of salty water, but every organism contains 
about 60 elements, combined into thousands of 
different compounds called biochemicals. Most 
Sai one ea aes .. biochemicals are made primarily from hydrogen, 
chemicals inside the bodyeoniained” = Oxyeen, and carbon, but some also include atoms 


a mysterious ‘life force,” and it was 


impossible to create these chemicals | Of minerals such as copper, zinc, and iodine. This 


UNDESPOS 


pee neeet 
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Stamp showing urea 


Fe eT aban jy, Makes biochemicals similar in composition to the 
chemist Friedrich Wohler accidentally : . ; 
created urea—a simple chemical compounds found in petroleum, which is the remains 


in urine—in his laboratory. This 


ei ea he of living things. Biochemicals generally belong 
substances are created by chemical tO One Of three groups—carbohydrates, lipids, 
Tesorecy tas commenoanin and proteins. These groups act as the building 


discovery was commemorated by 


a German stamp. blocks and sources of fuel of all living things. 


Oxygen atom—one of two at the 
am end of every amino acid making 


Energy released up the albumin protein molecule 


as light and heat 





LIPIDS 

There are two kinds of lipids. Plants have liquid 
lipids, known as oils, such as olive oil. Animal bodies 
contain solid lipids called fats. All lipid molecules have 
a similar structure—three chain-shaped acids that 
dangle from a top section, making the molecule look 
like chemical jellyfish. The acid “tentacles” of fat 
molecules are packed with hydrogen atoms, which 
makes them stick to each other, so fats are sticky 
solids. Oils have less hydrogen in their molecules, 

so they do not cling together as much. 
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POWER PROTEIN 
Olive oil Proteins are chemicals that run the body 
like tiny molecular machines. A protein is 
a chain of hundreds of smaller chemicals 
called amino acids, of which there are 
21 natural types. Every protein chain has 
a certain shape determined by its amino 
acid sequence. The shape is crucial to its 
function in the body. Albumin proteins are 
made in the liver and then added to the 
Olive blood, where they draw water into 
the blood vessels to stop the vessels 
from drying out. Albumin is also a 
major ingredient in egg white. 
Proteins also work as enzymes, 
controlling most chemical 
reactions in the body. 


Burning sugar 


Cell storing fat 


FATTEN UP 
Fat is packed with energy, so some 
animals use it as a long-term store of 
food. When an animal has plenty to eat, 
its body saves some of the food as fat, 

which is stored inside cells around the body. 
When there is a severe shortage of food—such as 
in the middle of winter—the fat supply keeps the 
animal from starving. The human body also stores 
fats, but too much fat in the body damages the heart 
and obstructs the blood supply. 


SOLID FUEL 

Carbohydrates include sugars, starch, and cellulose. 
Sugars are the simplest carbohydrates and living 
bodies use them as fuel. Burning sugar releases 
energy. The body does not set them on fire, but 
processes them in energy-releasing chemical reactions. 
Starch is made of many sugar molecules and acts as a 
fuel store. It is the main ingredient of bread. Cellulose 
forms tough supports in plant tissues. 
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Nitrogen atom always appears 


ee ern eae Some scientists estimat estes ead 
opposite the oxygen atoms : . imate that biochemicals 


first appeared on Earth nearly 4 billion years ago 
when the oceans formed. The lifeless water was 
just a mixture of simple chemicals, known as 

the “primeval soup.’ This soup was “cooked” by 
radiation and lightning—which made the 
ingredients react with each other, gradually 
combining into complicated sugars, fats, 


Gas mixture 

: contains methane, 
| hydrogen, and 
ammonia as in 
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and proteins. In 1952, the scientists Stanley . “os conn : } 
Miller and Harold Urey tested this idea by. discharge 
experimentally re-creating the conditions on mimicking a 
primitive Earth. A mixture of chemicals including lightn ing 


water, methane, ammonia, and hydrogen was 
heated, cooled, and electrified over some 
days. The scientists found that common 
biochemicals had formed, proving it was Cold water cools 
possible that the compounds used by gas mixture 

early life occurred naturally on Earth. 
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PASSING IT ON 

Biochemicals are passed along food chains. Plants such as this grass make 
sugars using the energy in sunlight. The sugars fuel the processes that build 
oils and prcteins. Once the grass is eaten by an antelope, the same sugars 
power the animal, and the plant proteins and oils are converted into chemicals 
that its body needs. When a meat-eater, such as a cheetah, eats the antelope, 
the chemicals move along the food chain and become part of the cheetah’s 
body. Scavenging vultures get their biochemicals from the scraps left over. 


ARE WE ALIENS? 

Not all scientists agree that life 
started from chemicals in Earth's 
early ocean. Some calculate that 
living things appeared on Earth 
too quickly, so the very complex 
compounds must have arrived 
from space, perhaps when a comet 
like this hit Earth. It is easier for 
complicated biochemicals to form 
oe A in the extreme cold of space, and 
: eer DOT ais JO in 2009, the Stardust probe 

Malccule e oe pine Ute G) Evel found biochemicals in the 
a protein in blood amino acid tail of the Wild 2 comet. 
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Single cell of 


The double helix mae 


Tue BODY OF A LIVING THING is built from units called cells 


and grows by following a set of instructions in its cells, held 
in batches called genes. The genes of every living thing are 
stored as a code on a chemical called deoxyribonucleic acid 
(DNA). Every cell has:its own complete set of DNA. 
Scientists working more than 100 years ago understood 
that every life-form inherits genes from its parents, so 
children grow up to look like their mothers and fathers. 
However, no one knew how the instructions were passed 
on until the 1950s, when scientists unraveled the mysteries 
of the DNA code. The field of science that looks at how 
DNA works and how genes are passed on is called genetics. 


TWISTED CHEMICAL 

The DNA molecule is a polymer—a 
chain made of thousands of smaller 
molecules. These smaller units include 
a sugar called ribose and one of 

four different nitrogen-containing 
molecules called bases. In 1953, 
scientists Francis Crick and James 


fit together. They found that DNA was 


helix.” The two sides of the helix, or 








es 


Watson built a model of how these units 


shaped like a twisted ladder, or a “double 
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DNA strand is coiled 
up several times to pack 
into a chromosome 





Scaffold made of 
proteins called 







spiral, were made from ribbons of ribose histones allows 
molecules, while pairs of the bases effective coiling 
formed the “rungs” across the middle. of DNA 













FROM GENE TO PROTEIN 

DNA’ss code forms instructions for making useful proteins 
(see page 48). The instructions are carried on portions of 
the DNA strand called genes, with every gene making a 
different protein type. The ATGC code tells the cell the 
precise order of amino acids needed to build the protein. 
When the cell needs a protein, it unzips the DNA double 
helix, breaking apart the base pairs and creating a single 
string of bases. The cell then reads, copies, and translates 
this sequence into the protein it needs. 


Opposite base RNA copy of 
on RNA DNA code 


Base on DNA 







Second strand of 
DNA ts not read 


COPYING THE CODE 


When the DNA is unzipped, its base 
sequence is exposed. Fragments of a related 
molecule called RNA float inside the cell. 
Each fragment contains one base. These 
pieces bond with the exposed DNA bases 
according to the A-T, G-C rules. An RNA 
copy of the DNA sequence builds up. 





Opposite bases 

on tRNA tRNA releases 
Three bases amino acid 
on RNA and moves off 


TRANSLATION 


The RNA code (mRNA) is next translated 
into a protein using another type of RNA 
called transfer RNA (tRNA). Each tRNA 
molecule carries one amino acid, and has a 
three-base sequence unique to that amino 
acid. The bases on the tRNA match up with 
the base sequence on the mRNA. 

























LADDER CODE 
The DNA code is stored in the rungs 
of a DNA molecule, which are made of the 
compounds known as bases. The four bases are called 
adenine, thymine, guanine, and cytosine—simplified 
by scientists as A, T, G, and C. In each DNA molecule, 
A always combines with T, and G pairs with C. The 
sequence of bases, which runs along the core of 

the DNA molecule, is always different and creates a 
code. Human DNA has 3 billion base pairs. Laid end 
to end it would be 10 ft (3 m) long, but far too thin 
to see. The long DNA strands are coiled away 
in compact structures called chromosomes. 

These are found in a store called the nucleus 
at the heart of each cell in all living things. 


Amino acid chain 
Amino acid grows into protein 


carried by tRNA 









ee MANUFACTURE 

The sequence of bases on the mRNA 
means that the tRNA molecules line up in a 
set order, hauling their amino acids into the 
correct places to make the appropriate protein. 
The amino acids link together to make the 
protein coded by one gene. Each protein 
carries out a vital function in the body. 


50 





One of the four arms 
of the chromosome 


SS 


>, 


3 i 
“ > Sat KY 
~ ‘> - ad 
) age 

°/ 














= 


Rea? 


<< GENE TRANSPORTER 
The chromosomes inside 
the nucleus carry a living 
thing's DNA as it passes 
from parent to child. Every 
living thing has a fixed number 
of chromosomes. A human cell 
contains 46 chromosomes, because 
every human baby grows from a 
single cell that has received 23 
chromosomes from each of its 
parents. As the cell divides in two, 
all 46 chromosomes are copied 
to make another set, and so on 
for each new cell in the body. 
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HUMAN GENOME 


A complete set of genes is called a genome. 
The human genome contains about 25,000 
genes, each one providing the instructions 
for making a different protein and controlling 
a particular function or characteristic in the 
body. People do not all carry exact copies of 
the same codes. There are several versions of 
each gene that work in slightly different ways. 
Some cause diseases. Scientists working for the 
Human Genome Project are investigating what 
every gene does so they can try to fix all 
possible genetic problems in the future. 


plant 


THE TALL AND 
! SHORT OF IT 
Scientists who study genetics 
are called geneticists. The first 
geneticist was a Czech monk named 
Gregor Mendel. He worked in the 
1850s, long before anyone had used 
the word gene. Mendel fertilized tall 
pea plants with short ones, perhaps 
thinking the resulting seeds would 
grow to medium height. However, he 
found that most of them grew into 
tall plants. The seeds had inherited 
the characteristics of both tallness 
and shortness from the parents, but 
the gene for tallness had overruled 
that for shortness. Most genes work 
like this, with one version being 
| dominant over the other. 
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®. PASS IT ON 
7a A person has two complete sets of 
> genes—one from each parent. Generally, 
the body expresses (displays) only one 
version of a gene. It switches the other 
one off. The expressed genes have 
decided the color of this woman's hair 
and the shape of her face—and even 
allow her to roll her tongue. However, 
her child will inherit only half of her 
genes, and so may look different—and 
not be able to roll his or her tongue at all! 

















Evolution 










EACH CELL OF EVERY LIVING ORGANISM carries its coded 
instructions in the form of DNA. When a cell divides, it 
copies the DNA, but mistakes often occur, altering the 
DNA code. These mistakes are called genetic mutations, 
and most are harmless. However, some can cause major 
problems, and even death. Occasionally, mutations can 
GETTING FIT make an organism better at surviving and reproducing 
Charles Darwin was the scientist’ —_ than other members of its species (a group of 


who worked out how evolution alters 


the way living things look and live. similar organisms that breed with each 
Darwin realized that some members other). These organisms pass on their 
of a species were “fitter’—better at : ; 
surviving and breeding—than others. helpful mutation to some of their 
The teas Passec nis Hines '© offspring, which become better adapted for survival. This process of 


their offspring, which were strong, 


while the weaker animals died out. — change is called evolution. Over millions of years, many small but 
Darwin said that this process of 


‘natural selection’ could slowly helpful mutations have allowed species to change, or evolve, into the 
change a group of animals plants, animals, and other forms of life that now populate Earth. 


into something new. 


NATURAL SELECTION ce, 
Smoke from factories in the 19th century changed “ge 
the environment around towns in Britain, creating 
an opportunity to see natural selection in action. 
Peppered moths were named after their pale speckled 
wings that camouflaged them on tree trunks covered 
in fungus and moss. The smoke darkened the bark, 
ruining the disguises of most speckled moths and 
making them easy prey for birds. A few moths had Pale, speckled form Intermediate form Dark form of 
brown wings, which allowed more of them to survive. of peppered moth of peppered moth peppered moth 
Through natural selection, British peppered moths 

gradually became darker. 





Every form of life on Earth today has evolved over was 10 ft (3 m) tall, and 

millions of years from ancestors that looked very used its four tusks and. 
different. For example, elephants evolved from short trunk to dig up 

an ancestor called Moeritherium, which lived food from mud 

37 million years ago (mya). Moeritherium lived in 
swamps and looked more like a hippopotamus 
than an elephant. As the environment changed, 
the species evolved through natural selection 
into other creatures that could survive 

better in the new environment. 






















Phioma (33 mya) was 
8 ft (2.5 m) tall, and 
used its tusks and long 
snout for scraping and 

digging in soil 


SPECIES FORMATION 


New species form when groups from one species Moeritherium (37 mya) <i 
become isolated and natural selection changes was 2 ft(70 cm) tall, 
them in different ways. This happened when a and had a flexible 
group of Asian macaque monkeys became cut off 
from the rest of their species on the islands of Japan. 
The two groups—one on the Asian mainland and e me 
the other in Japan—evolved into separate species as : oe a oe 
they adapted to different conditions. The Japanese 4 
animals became the snow monkey species, as they 
evolved to survive Japan's freezing winters. Unlike 
their relatives in warmer parts of Asia, snow 
monkeys grow thick fur to keep out the cold 

and migrate south to avoid the worst weather. 


snout that plucked 
swamp plants 
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Triceratops 


skeleton Toothless beak 


was made of 
sharp bone 


EXTINCTION 

Natural selection kills off those individuals in a species that are least well 

adapted to a changing environment. Fitter individuals outlive and out-reproduce 

the weaker ones. Sometimes, all individuals in a species die out and the species 
becomes extinct. This could happen because of competition with a rival species, 

pressure from a new predator, newly evolved defenses in its prey or the plants it feeds on, 
or changes in the climate or environment. Triceratops—a species of dinosaur—became 
extinct 65 million years ago. 


Deinotherium (15 mya) was 

11 ft (3.5 m) tall,and may \ 

have used its hooked tusks 
for digging up roots 


Long bill fits slender, 
trumpet-shaped flowers 


Pollen held 
on tips of 
long stalks 


COEVOLUTION 

Animals and plants rely on each other for 
survival. Many of them have evolved in 
partnership with each other in a process 
known as coevolution. For example, 
hummingbirds drink nectar provided by 
certain flowers, and each of these flowers 
needs a bird to carry pollen to another bloom, 
so it can reproduce. The hummingbirds have 
evolved pointed bills and long tongues that 
sip from these tube-shaped flowers. The 
flowers in turn have evolved long stalks that 
brush pollen on the faces of the feeding birds. 


The African elephant is 
13 ft (4 m) tall and uses its 
long tusks to dig for water, 
scrape bark, and fell trees 





Vacuole is a storage sac that releases 


substances such as waste by merging : » 
C Ce with the cell membrane Ser ce 
ar a 


CELLS ARE THE BASIC UNITS that make up a living body. An adult human 
body contains around 100 trillion cells, while simple worms may have 
just a few thousand. Some life-forms, such as amoebas and bacteria, have 
a body made from just a single cell. In larger organisms, body cells are 
not identical because they are specialized to do different jobs. Nerve 
cells are shaped like long wires and carry messages, while bone cells 
are encased in solid minerals that make the skeleton hard. 

Whatever their shape and size, all cells are surrounded 

by a flimsy envelope called the cell membrane, 

made of fat molecules. Inside the cell is a fluid 







called the cytoplasm. The cell membrane controls Protein microtubule 
‘ : ; hauls objects around 
the chemicals moving in and out of the cytoplasm, en ee 





making the cell a tiny world of its own. 


INNER WORKINGS 
Cells are a lot more than bags of watery liquid. 
The cytoplasm in cells is filled with smaller 
structures made from membranes folded into 
tubes and sacs. These are called organelles and 
form the machinery that keeps a cell alive 
and doing its job. The largest organelle is the 
nucleus, where DNA is stored. Others include 
the endoplasmic reticulum that makes proteins 
and lipids (see pages 48-49) and the lysosomes 
that contain powerful, germ-destroying enzymes 
(specialized proteins). Mitochondria are the cell's 
engines, releasing energy from sugars to power the 
cell (see page 57). Scientists think that cells packed 
full of organelles, each performing a specific function, 
evolved when a set of much smaller cells—such as 
bacteria—began to work together as a team. 
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TINY SPACE 
Scientist Robert Hooke came up with the 
name “cell” in the 17th century. He was Red blood cell 
one of the first people to use a microscope as seen under a 
to look closely at animals and plants. He scanning electron Cytoplasm is 
made detailed drawings of what he saw and microscope mainly water 


with minerals 


thought that the little units that seemed to 
dissolved in it 


make up all plants and animals looked like 
the tiny rooms—or cells—used by monks. 


TOO TINY 

Most cells in the body are too small to 

be seen without a microscope. About 

30 cells could be lined up across the period 
at the end of this sentence. Scientists use 

light microscopes, which create an image 

by focusing light with lenses, to study cells. 

However, the details inside the cells are 

too small for light to pick out. So electron 

microscopes, which use a beam of electrons, are 

needed to analyze a cell's interior. To look at the 

3-D structure of cells, such as these red blood 

cells, biologists use a specialized microscope 

called a scanning electron microscope. 
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Lysosome contains 
enzymes that destroy 
unwanted objects 
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to the Golgi bodies 








- wor 
ah ho 


oe 
Ba Td 






raat 





et 







Mass of 
bacteria 





WORE 





INVISIBLE GERMS 
A bacterium is a 
single-celled life-form 
that is hundreds of times 
smaller than any animal 
or plant cell and invisible to the naked eye. It is said 
that there are 10 times as many bacteria growing 
on a person's skin and in their intestines than there 
























Jelly filled 
with food 


Mitochondrion are human cells in their body. To study bacteria, 
processes sugars, microbiologists grow colonies of them in dishes filled 
such as glucose, to with a food gelatin. A few types of bacteria attack the 
give the cell energy body and cause diseases, but most are harmless. 


GIANT CELL 
Every living thing starts as a single cell. 
Until they are fertilized, bird eggs 
contain just a single cell filled with 
nutrient-rich food needed for a 
chick to grow. A chicken’s egg cell 
is huge compared to any human 
cell, but the largest single cell of 
all is that inside an ostrich egg. 
It weighs about 3% lb (1.5 kg)— 
a trillion times heavier than a 
human red blood cell. 

































| 3 te Pee J ae Golgi body parcels up 
chemicals for release 
from the cell 


Ostrich egg Chicken egg 
Nucleus ts the cell's control 
center and is surrounded A TISSUE OR TWO 
by its own double membrane Body tissue, such as blood or brain 
tissue, is a group of cells, all doing the 
same job. The human body contains 
hundreds of different tissues, but not 
all living things are as complicated. A 
sponge has the simplest body of any 
animal. It is made up of just a handful 
of cell types. Some of these form tiny 
tubes to let water into the body, while 
others have spiral-shaped tails that 
draw water in and sift out food. A third 
type of cell moves around the body, 
building the sponge’s skeleton, 
which is made mainly of protein. 


WALLED IN 
Animals and plants 
live in very different ways, 
and that is why their cells are 
also very different. Animal cells 
are often flexible and shapeless. 
Plant cells are held in a fixed shape by 
a stiff wall around the cell membrane. 
This cell wall is made of a tough 
carbohydrate called cellulose, which is 
what makes the plant stand up straight. 
It is also the material that makes green 
vegetables, such as celery, so crunchy. 
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Living energy 


Pants AND ANIMALS ARE LIVING MACHINES. Every machine 
needs a power source, and living things are no different. An 
animal is fueled by the food it eats. Food is full of useful fats 
and proteins for building new cells (see page 48), but it is 
the sugar in food that is used to power the body. Each of the 
animal's cells converts its supply of sugar fuel using a chemical 
\ process called respiration. Plant cells use sugar, too, but unlike 
a, A \ animals, plants create their own sugar using the energy 
\ \ coming directly from the Sun. This energy-capture 
process is called photosynthesis. 
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Thylakoids—units 
that contain 
chlorophyll molecules 


Stroma fluid 
surrounds the 
thylakoids 


Chloroplast 
’ j - LIGHT TRAP 
Glucose ed ; ' / ; ee al Photosynthesis takes place 
released rte of | : fe, inside chloroplasts, which are found in most of the cells 
into plant's % Pag 3 be en. in a leaf—and in any other green parts of the plant. The 


body ee <3 aid, | green coloring comes from a chemical called chlorophyll. ‘A 
he | g , : J chlorophyll molecule is sensitive to light. When sunlight 
hits one of these molecules, the energy in it triggers a 
complex series of chemical reactions that uses the captured 
energy to make energy-rich compounds. These pass into a 
thick fluid inside the chloroplast called the stroma. There, 
another chemical reaction uses the stored chemical energy 
to turn water and carbon dioxide into glucose. 4 


Water travels Oxygen escapes 

from roots to from the plant's body 

the leaves fluids and flows out 
into the atmosphere 





Carbon dioxide 
flows in from the 
atmosphere and Plant-eaters get 











PLANT POWER 

A plant is powered by the Sun. 
The leaves function like solar panels, 
which capture energy from sunlight. 
They absorb the red and blue colors 
in sunlight. They reflect the green 
light, which is why plants look 
green. The captured sunlight drives 
a process called photosynthesis, 
which means “making with light.” 
Photosynthesis uses water from the 
plant's roots and combines it with 
carbon dioxide (CO) absorbed from 
the air. Six CO, molecules react 
with six molecules of water to make 
one molecule of glucose—the sugar 
used to power all life. The waste 
product of photosynthesis is oxygen, 
which is released into the air. 























dissolves in the only 10 percent of 
ey plant's body fluids energy captured by 
o their plant food 


ENERGY PYRAMID 

Photosynthesis is the way the Sun's light energy fuels animal 
and plant life on Earth. Without photosynthesis in plants, 
animals could not exist. The glucose that powers an animal's 
body either comes straight from eating plants or from eating 
animals that feed on plants. In this way, the light energy 
trapped by plants and used to make glucose passes from 
one organism to another, forming a chain of food 
and energy. At each link in the chain, some of this 
energy is lost as it is used up and released as heat. 

As a result, fewer organisms survive at the 

top of a food chain than at the bottom. 


Plant growth is 
powered by light 
from the Sun 
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POWERHOUSE 
2 takes place inside a mitochondrion. 
ey ceil has several mitochondria, and Ley 

active ¢ -ells, | like those in muscles, have dozens o 

them. A mitochondrion does not a glucose ike 

a car engine burns gasoline. Insteac i, the process is 

an shies oar ng chemical! reaction controlled by 
enzymes uae membranes inside the mitochondrion 
The membranes are tightly folded to pack as many 
enzymes in as s pos sible The er nergy released is us sed 

to make "ATP —a complex molecul le containing three 
»>hosphorus atoms. When needed, the ATP molect 
release one of their phosphorus units, providing tin 






BREATHE IN, BREATHE OU 
Respiration is the opposite 
of photosynthesis. A cell uses 
oxygen to break glucose into 
water and carbon dioxide, r eee 
energy. Plants take the oxygen they 
need straight from the air or water 
around them. Animals that breathe 
air, such as horses, use lungs to get 
oxygen, but most animals that live in 
waier use gills to take oxygen from 
the water. In both cases, the oxygen 
passes into the blood andissentto | 
where it is needed. Carbon dioxide is 
the waste product of respiration 
and the blood carries it back 
to the lungs or gills, which 
expel it from the body. 
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MEASURING prooeds 

Scientists in the food industry measure th 
calories (the amount of energy) in food using an 

oven ke instrument called a calorimeter. Inside, a 
food sample burns in pure oxygen, and the heat 
released warms a water jacket around the oven. 
High-calorie foods heat the water more than 
low-calorie ones. The exact temperature rise is 
used to calculate the calorie content of the food. 
Sweet, sugary foods have a high calorie content, 
but fatty foods contain the most energy. Many 






_ Water 
jacket 
heated 
by 
burning 
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animais store fat in their bodies and convert Food / | Electric heater Heat-proof 
it into sugar when food supplies run low. sample / burns food container 
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Time and space | 


Oz oF THE GOALS OF SCIENCE is to find laws of nature 
that explain the way the universe behaves. Researchers 
once thought they could predict the effects of forces using 
only Newton's laws (see page 16). However, when astronomers 
looked far out into space, they found that Newton's rules are 
only approximately correct and do not work well when forces 
and speeds are very great. Albert Einstein provided a new way of 
looking at the universe, which he called relativity. He explained 
that both time and space are not constant, as Newton believed. 
Both movement and gravity bend and stretch time and space, 
although the effects are usually too small to notice on 
Earth. This view of the 
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ty | 
a universe is puzzling, but : . — ee — <a e 
i it helps us understand | - | q tie -~cae 
how the universe may : 7 
Light is reflected \ have begun. 
right back by a % 
mirror 5.5 miles NN 
(Dkm)away jee Outward beam 
«a passes through 
gap in teeth 
Cog spins at high speed during light's 
two-way journey and will block the E>. Light reflected ~~ Lamp 
returning beam with its next tooth _ toward distant (source 
mirror | of light) 
SPEED OF LIGHT ( 


Light seems to move instantly because 
its movement is far too fast for human 
eyes to see. In 1849, the French physicist 
Hippolyte Fizeau tried to measure exactly A 
how fast. He shone a light onto a mirror ny 
5.5 miles (9 km) away, passing the beam through the teeth of a 
spinning cog on the way. Fizeau increased the speed of the cog but it 
never got fast enough to stop the outbound light from passing through 
a gap between its teeth. However, at a certain speed, the light coming 
back from the mirror grew dim. This happened because the rays were 
blocked on their way back as the next tooth swung in front. Fizeau 
knew the speed of the cogss teeth, and this told him that the light took One-way mirror lets 
only a few millionths of a second to travel! the 11 miles (18 km) to the reflected beam through 
mirror and back—at a speed of about 186,000 miles (300,000 km) per 

second. This figure was close to modern measurements. 
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reflected beam 









THE MYSTERY OF LIGHT SPEED 
Albert Einstein wondered if light coming from a 
fast-moving object, such as a car, travels faster than 

a beam of light from a stationary lamp beside the 
road. In fact, nobody could find any difference in 

the speed of light from moving sources. The 
headlight beam from a speeding car reaches a driver 
heading the other way at exactly the same speed 

as it leaves the headlights traveling in the opposite 
direction. For this contradiction to be true, Einstein 
made the startling suggestion that time and space 
must change while the speed of light stays the same. 






























TIME.TRICK 
= Einstein explained the nature of space and time 
» in hi§ theory of relativity. This states that when 
Cr “something moves quickly through space, time, 
aor the*point of view of that object; appears 
-to.slow downi If a spaceship moves at close to 
tHe speed of light, the crew inside it would 
age more slowly than the people on Earth. 
After some years in space, the crew would 
be younger than those people. Today, 
astronauts who travel to space and spend 
time there before returning to Earth age 
a fraction of a second more slowly 
than if they had stayed on Earth. 

























MASS EQUALS ENERGY 
The universe contains matter and energy. Matter is 
anything that has mass and can be weighed. Energy 
is transferred between pieces of matter by forces 
such as gravity. The arguments and logic in Einstein's 
theory of relativity result in one famous equation, 


Astronaut floating E = mc? (energy = mass x speed of light x speed of 









in space light). This shows that matter and energy are related 
% : ) ° f s 
sf Event horizon, the to each other. A tiny piece of matter can transform 
point where even Imaginary into a huge amount of energy. In just one second, 
: v . ~ " . * . 5 a ’ 
light cannot escape object orbits the Sun loses 4 million tons of mass, as its matter 
= black hole turns into energy in the form of heat and light. 





~~ Curved shape shows 
how black hole's 
gravity bends space 








~ ——. Light that strays too 
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SPACE WARP 
The theory of relativity also explains the force of 
gravity in a new way. According to relativity, a mass 
bends, or warps, nearby space, making smaller masses 
orbit or fall toward it. This warped, two-dimensional sheet 
shows how three-dimensional space is bent by the gravity 
of a mass at the centre—in this case, an object called a black 
hole. Black holes are the collapsed remains of gigantic stars, 
and they produce the strongest gravity known. They bend space 
so sharply that even beams of light curve around them. Some light 
even falls in, never to escape. 
















| Path of light ray 
passing close to 
black hole is bent 













Continued on next page 
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Unanswered questions 


No one KNows IF science can answer every question. 
There are still many things scientists do not yet understand, 
including how particles inside atoms behave. The scientists 
can measure the particles moving, and determine their 
positions, but cannot do both things at the same time. It 
may turn out that they are not even particles at all! The latest 
research also suggests that the rules of the universe might 
be different in distant parts of space. Gravity and other forces 
might not be fixed, and may change in ways that we do not 
yet understand. Many great scientists have searched for a 
‘theory of everything” that could explain these problems, 
but so far no answer has been found, just more questions. 
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[Illustration of particles colliding in the LHC 


MEET THE NEIGHBORS 


Humans sent the first signals into space about 80 years ago. This was a side-effect of our radio 
signals becoming powerful enough to reach beyond the atmosphere. If there are alien civilizations 
near distant stars, then they may produce similar signals. Scientists working for a project called 
SETI—the Search for Extraterrestrial Intelligence—use computers to search through the din of 
natural radio waves coming from space. They look for signals that contain patterns. Even though 
radio waves travel at the speed of light, signals from distant parts of space will take a long time to 
reach Earth. An alien signal—if detected—would probably be hundreds or thousands of years old. 
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Stars burn because some of their atom’s mass 
turns into pure energy during nuclear fusion 
(see page 47). But scientists do not understand 
the opposite process—how energy can form 
atoms. They think this is what happened in 

the Big Bang. Physicists at CERN, an immense 
underground laboratory in Switzerland, are trying 
to recreate the conditions of the Big Bang. In one 
experiment, a machine called the Large Hadron 
Collider (LHC, see page 7) fired streams of 
particles at each other at nearly the speed 

of light, making them collide. Scientists then 
recorded the collisions as streaked patterns. In 
future experiments, they hope to observe for the 
first time how matter forms from pure energy. 


3-D graph of radio waves 
received from space 


MACHINE INTELLIGENCE 

Computer scientists are building robots, such as this one 
with Albert Einstein’s face, that can learn using artificial 
intelligence (AI). No one knows if a future AI machine 
could think like a human. A microchip computer 
with as much memory and processing power 
as a human brain would be larger than 
a skyscraper. Even then, it may not be 
aware of itself or generate true feelings 
like a human. Could a robot really 
understand like humans do? A 
quantum computer, which uses 
single atoms as switches, might 
match a human brain for size 
and speed, but scientists 
are still learning how 

to build one. 
































Wires 
connect robot 
to computer 
brain that 
learns how 
to use the 
correct facial 
expressions 


Spike indicates 
a powerful 
source of 
radio waves 











>» IMMORTAL LIFE 
y New cells form when one cell 
doubles up its contents and splits 
in half, forming two identical cells. 





. Body cells have built-in clocks 

‘ that stop them from dividing 

Biahle rubber after they have split a certain 

eA number of times. Eventually, 
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will die of old age. If scientists 
could switch off a person's cell 
clocks, he or she might be able 
to live forever. Scientists keep 
living colonies of human cells in 
laboratories for use in experiments. 
Some of them, like the HeLa cells 


Camera shown here, can divide indefinitely. 
in eve picks Can scientists find out how to give 

in eye picks a ee s 

up people's the immoriality of HeLa ceils to humans? 


facial movements 


Main camera helps 
robot navigate 


A CURE FOR CANCER 
Cancer is a disease caused 

when cells divide uncontrollably, 
forming a lump, or tumor, that 
darnages the body. Cancers are 
caused by genes that have gone 
wrong. At the moment, doctors 
treat cancers by cutting out the 
tumors or by killing them inside 
the body. This headset is burning 
away a brain tumor with beams of 
gamma rays. However, mending 
the cancer-causing genes (see 
page 50) themselves is a long- 
term goal that might cure, or even 
prevent, cancer. Doctors might 
insert perfectly functioning 
versions of the genes into the 
body, where they would 
replace the faulty ones. 
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The robot 
Albert Einstein 


TELEPORTATION 

Science fiction can sometimes 
turn into fact. In the 1960s, 
the TV series Star Trek featured 
people who instantly traveled 
or beamed using a machine 
called a teleporter. Scientists 
think they could invent it 

one day by using the strange 
properties of subatomic particles. 
Such particles exist in pairs and 
behave identically, even when far 
apart. A teleporter would break 
down an object into its many 
particles. This change would be 
experienced by each of the 
Ts: particles’ pairs in another location. 
oe VAR . Then the machine would rebuild 
me the object using the second set 
of particles, making an identical 
version at a different place. 
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Periodic table 


Tue periovic TABLE contains all the 
elements yet discovered—118 so far, 
although only 92 of them are found 
naturally on Earth. The table lists the 
elements in order of their atomic 
number—the number of protons in 
the nuclei of their atoms (see pages 
24-25). It also arranges the elements 
in groups (columns) and periods 
(rows). The periodic table is divided 
into sections that tell chemists what 
each element looks like and how 

it reacts with other elements. 


Symbol is 
Atomic number is shorthand 
the number of protons for the 
in the nucleus element's 


name 


SYMBOL 

Every element has a unique 
chemical symbol, which can 
either be key letters of the 
element's name, or letters from 
older terms for the element. 
For example, iron’s symbol, Fe, 
comes from ferrum, the Latin 
word for the metal, while lead’s 
symbol is Pb, since its original 





Mass number 


Latin name is plumbum. Each is the sum of 
element is also described protons and 
by its atomic number and a neutrons in 
second, larger mass number. the nucleus 





important for keeping 


Group One contains the 
most reactive metals 


TABLE OF ELEMENTS 

The periodic table has eight main groups. Group One elements 
have just one electron in their outermost atomic shell, while 
Group Eight elements have eight electrons. The members of 

a group react in a similar way because they alli have the same 
number of outer electrons. The periods (rows) show how heavy 





4 
Be 
Beryllium 
9 





12 an atom is—and how likely it is to react with other elements. 
Mg Heavy metal atoms react more often than the light ones, while, in 
Magnesium general, light nonmetals react more often than the heavier ones. 
24 
21 22 23 24 26 
Sc Ti V Cr Fe 
Scandium Titanium Vanadium Chromium fron 
45 48 51 52 55 56 


41 
Nb 


Niobium 


93 


40 
Zr 


Zirconium 


90 





Te 


Technetium 


97 


Ruthenium 
102 






Molybdenum 
98 


Strontium 


88 























75 
Re 


Rhenium 


187 


73 
Ta 


Tantalum 


181 


56 
Ba 


Barium 


138 


72 
Hf 


Hafnium 
180 









Osmium 


192 









105 
Db 


Dubnium 


262 






Hs 


Hassium 


267 


Bohrium 


264 


Seaborgium 


268 









Group Two 
metals are 







61 


commonly 
found in ss ‘ P ee 
rocks. Lanthanum romethiur 


139 145 





REACTIVE METALS 
By the 19th century, chemists 
saw that the elements could 

be grouped according to their 
properties. Dmitri Mendeleev set 
out these groups in his periodic 
table in 1869. Chemists now know 
that the members of each group 
have atoms with the same number 
of outer electrons. Group One 
atoms have just one and that 
makes them very likely to react. 
Most of Group One is made up 
of the alkali metals. Hydrogen 

is not a metal and is placed 

with this group for convenience. 
Alkali metals form strong alkali 
compounds, and many salts, 
such as common salt. Sodium 
and potassium are common 
alkali metals and are 


The Lanthanide 
and Actinide 
series have a 
special position 
on the table 





















the body's muscles 
and nerves healthy. 


Potassium 
burns with 
a distinctive 
lilac-colored 
flame 











Semimetals sit Nonmetals are The noble gases 
between the table's fewer in number form Group Eight 
metals and nonmetals than metals on the table 

The elements can be color- 
coded to show the groupings. 
Hydrogen is not an alkali metal, 
but is placed with Group One. 








Metals in this section have 
more than two outer electrons 







Alkali metals 


Alkaline-earth metals 
The Transition Series aline-e 


includes many of Earth's 


most common metals Transition metals 






Lanthanide series 
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Cu 


Nickel Copper 


Actinide series 







58 
Other metals 
46 






48 
Cd 


Cadmium 





Semimetals 











Palladium Silver 


106 107 









Nonmetals 

















os 


4/ 


78 
Pt 


Platinum Gold Mercury 
195 197 202 


Noble gases 
Ir 
idium 


193 








Hydrogen 











































109 Unknown chemistry 


Mt 


tnenum 


268 
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Ds 


Darmstadtium 


281 


11] 
Roentgenium Copernicium 


281 
















FITTING IN SERIES 
2 EES In most cases, from left to right 
63 64.) 65 | 66) 67 [ 68 69 70 2 {71 ) across the table, elements have 
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the table—known as series—add 
electrons deeper inside their atoms. 
As a result, the members of these 
series all have one or two outer 
electrons. The transition series fills 
the middle of the table, while the 
other two series—the Lanthanide 
and Actinide—are listed along 

the bottom. 
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KNOWING THEIR PLACE 

Chemists can tell what an element is like just by looking 
at where it sits in the periodic table. This was shown to 
great effect by Mendeleev, when he organized the first 
periodic table based on the atomic masses of the 
elements. His tabie was full of spaces because 

not every element had been discovered. 
Mendeleev used the table to predict 
the properties of some missing 
elements. He calculated that the 
a Se clement with the atomic mass 
of 74 would be a shinier, heavier 


version of silicon. The German DISAPPEARING ELEMENTS 
elu Pace qexence The elements at the bottom of the table have nearly 
Lely oe 300 protons and neutrons packed into their atomic nuclei. 
Lodo ae ee These large atoms are radioactive (see page 25)—they fall 
Y : Ras ho - ee apart easily, releasing dangerous particles and high-energy 

letel ? ' radiation. Every atom larger than that of bismuth is radioactive, 

ire fame bey COPTRSS each with a unique half-life. The half-life is the time it takes for 

half a sample of the radioactive element to break down into other 

atoms. The half-life of the most stable forms of uranium is about 

4.5 billion years, while the half-life of francium is just 22 minutes. 


Radioactive uranium 
pellet used as fuel ina 
nuclear power station 
















Germanium is 
a grayish-white 
semimetal 








Measuring things 


The unit of distance. Meters are defined using 
meter light. Light travels a distance of one meter in 

S cIENCE WOULD BE IMPOSSIBLE without 

any measurements. It is crucial that all ae 

: . ° : ogram kg 

scientists measure things in exactly the 


0.3 billionths of a second. 
hi ta Me ie they vere oes 8 ec what The unit of time. There are 86,400 seconds in a 
they have found. Different measurements second day, and scientists measure seconds by counting 
the vibrations of certain atoms. 


require different units, many of which 


are named after famous scientists. For The unit of temperature. 0 K is the lowest 
example, force is measured in newtons kelvin os eibedaial ee It is also known as 


(N), in honor of Isaac Newton. These 
graphics show a few measurement 
units and the things they measure. 


The unit of electricity. An ampere, or amp, 
ampere A of electricity moves about 6 million trillion 
UNITS OF MEASUREMENT electrons every second. 


All measurements are built on seven base units, known as the 


SI units. The units measure the fundamental characteristics ' 
of the universe. Every other unit of measurement is a ole The unit of quantity. One mole contains 6,000 












The unit of mass. A kilogram is the mass 
of a liter of water. There are 1,000 liters in 
a cubic meter. 









The unit of light intensity. A burning candle 


candela eS emits about one candela of light. 


combination of two or more of these base units. For example, billion trillion atoms or molecules. 
the newton is a combination of meter, second, and kilogram. 





1 joule (J) is the energy used 
in lifting-an apple 1 m (3 ft) 
against Earth's gravity 
















OUTPUT OF ENERGY 


A lethal dose Atlas rockets, whi Energy is measured in joules, named 


ate na ga : preles: after James Prescott Joule, a scientist 
Sis - oie Oto 5 who calculated how heat energy 
noe, a translates into motion. One joule (J) 


is the energy needed to lift 1 kg 

by 10 cm in 1 second. Energy 

is difficult to understand. Everything 
possesses energy but it cannot be seen. 
Energy is not created or destroyed, but 
just transferred from one object—an 
atom or a ball, for example—to another. 
The most familiar form of energy is 
heat, but it can also be observed as 
light, motion, and electricity. 
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pressure Threshold of 


level (dB) Normal hearing 









Sun's core, 
27 ,000,000°F 
(15,000,000°C) 


MOHS’ SCALE OF HARDNESS 
Carl Mohs invented this scale in 
1812 as a way of measuring how 
hard different solids were. At 
one end of the scale is talc, a 

















very soft, crumbly substance, mS S 
and at the other end is diamond, Lightning bolt, s 
the hardest solid of all. Harder 43,000 F 3 5 
substances can damage or wear (24,000°C) = c 
down softer ones. Emery boards By 


are hard enough to file down 
fingernails, for instance, while 
diamond can scratch steel, but 
steel cannot damage diamond. 
Scientists measure how hard 
a substance is by rubbing it 
with the objects on the scale, 
starting with the softest. Once 
a scratch appears, they know 
the hardness. 








Earth’s core, 10,000°F 


(5,700°C) — 1,000,000 





Skin of spacecraft 
reentering Earth's 
atmosphere, 3,000°F 
(1,700°C) 


TEMPERATURES 

Temperature is a measure of 
the amount of heat energy in a 
substance. Temperature scales 
are based on two fixed points 
taken from nature. For example, 
the Ceisius scale (°C) uses the 
freezing point of water as 0° 








Water boils, 212°F 


— 100,000 
(100°C) Ny 
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£9 
and water's boiling point is Human body, 98.6°F 
set at 100°, with 109 sieps (37°C) 
in between. Many scientists 
measure temperature in Kelvins — 10,000 
F ee (K). This scale uses the same 
COPPEr intervals as the Celsius scale, pat ee 
ecaies but sets 0 at -273°C. This is ; patee HEEZES OS 7 
“absolute zero’—at which (0"C) 
temperature substances | bq 
5 have no heat energy at all. Culdest 
Fingernail Scientists have come within temperature on — 1000 
a millionth of a degree of Earth: Vostok r 
absolute zero, but believe it Station, Antarctica, | 
impossible to reach 0 K itself. --129°F {-89°C) | ia 
% Din 
a a = 273 
— ~ Average surface ae —~ 100 
~ temperature on 
2 Pluto, -364°F qe7 
‘ (-~220°C) IK — 16 
E é 
=e) 


Absolute zero, —459°F 


,-273°C) 
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Jet aircraft 


120 dB 





Subway train 


100 dB 





LOUDNESS OF SOUNDS 
Sounds travel as waves of pressure 
a eeeeeee <= (see pages 30-31). As the sound waves 
pass, the pressure goes up and down. 
The more this happens, the greater 
is the amplitude of the wave. Sounds 
with greater amplitude sound louder 
to our ears. Human ears can detect a 
huge range of sound pressures so this 
140 dB range is compressed into the handy 
decibel (dB) scale, which extends from 
0 to 140 dB or more. An increase of 
6 GB on this scale indicates a doubling 
of sound pressure, so the sound made 
by a jet aircraft is 1,000 times greater 
in pressure than a 60 dB conversation. 























Fields of science. 


SclENTISTS CAN STUDY almost anything—from 
distant stars to tiny bacteria. No one can be highly 
knowledgeable about all these things, and so most 
scientists specialize in just one field of science. The 
fields fall roughly into:six groups—biological sciences, 
earth sciences, physical sciences, social sciences, 
astronomy, and mathematics. However, there is a lot 
of overlap between fields, and different specialists 
often work together to study complex problems. 















Mathematics 
A tool scientists use, but 
also a field of study that 
looks at relationships 
between numbers 












Psychology 

Studying the human 

mind, or psyche, and 
why people behave 
the way they do, often 
to help people cope 
with mental stress 
and illnesses 


Sigmund Freud 
Pathology ( 1856-1939), 
ea gi pioneer of 
Researching diseases, Sehoic 
how they attack the psy bY 
body, and how they 
can be stopped 
Epidemiology Medicine 
Tracking the spread Finding cures and 


of diseases, including 
fast-spreading epidemics, 
from person to person, 
through a community, 
and around the world 


Computer science 

A branch of math investigating 
how people can program 
computers and how computers 
run their programs, including how 
they process and output data 


Computers process 
data as 1s and Os 


of a body and 
how it works 


treatments for illnesses 
and injuries, generally 


using chemical 
medicines, and 


physical treatments, 


such as surgery 


Figuring out 
the structure 


A fossilized 
reptile 
skeleton 
from 

250 million 
years ago 


Anthropology 
Investigating the variety 
in the human species, 
including how humans 
and their different 
cultures have changed 


Social sciences 
Using scientific methods 


to explain how humans 
behave on their own, in 
groups, or in society 





Archeology 
Investigating traces 
of human life in the 

ground, including 

bones, tools, and 
ruins, to figure out how 
people lived in the past 


Human geography 
Researching how 
humans use the 
landscape, including 
patterns of settlement, 
transportation, and 
activities 


Anatomy 





Zoologist 
measures a 
bear's teeth 





Paleontology 
Studying fossils and what 
they tell us about living 
organisms in the past, 
including how life began 
and how it has evolved 


Zoology 
Studying animals, 


Ecology 

Understanding how different life- 
forms rely on each other and on 
their environment for survival 












Environmental science 
Using a range of information 
from biology, chemistry, and 

geology to understand how 
all the different parts of the 
environment work together 


Biological sciences 
Studying things that 


are alive, or were once 
alive—these sciences are 
also known as life sciences 





Economics 
Examining how 
people, companies, 
and governments 
decide which goods 
and services to 
produce or consume 


Botany, or plant science 
Studying plants, including 
their variety, structure, 
chemical processes, and 
their life in the wild 


Microbiology 
Examining the 
smallest living things, 
using microscopes to 


including how see their details 


they survive 
and reproduce 
in the wild 





Geolo 
Studying how 
Earth's rocky 
surface layer 
has formed and 
changed over the 


life of the pianet Meteorology 


Understanding 
Earth's different 
climates and 
predicting changes 
in the weather 












Robotics * 
A, field of engineering aiming to 
buiid machines that can move, 
sense their surroundings, and 
think for themse!ves 





iCub, a robot 
that can learn 





Mechanics 
Studying how 
forces make 


Physical 
geography 





Oceanography 

Learning about all aspects of 

oceans and seas, including 
tides, currents, the chemistry 
of the water, and marine life 





objects move 


Engineering 

Using scientific 
understanding to 
build useful machines 


Acoustics 
Investigating 
the behavior 
of sound waves 


Nuclear physics 
Looking inside an atom’s 
nucleus, particularly 
during radioactive decay, 


Studying the 
formation and 
structure of Earth's 
surface features 


Researchers 
studying 
marine life 


Earth sciences 
Studying the nonliving 


parts of Earth, such as 
rocks, volcanoes, and 
the atmosphere 





Optics 
Investigating 

the behavior of 
light—how it bends, 
reflects, and scatters 


Astronomy 
Studying objects 


in the universe beyond 
Earth, such as stars, 
planets, and galaxies 





Cosmology 

Learning about the universe 

as a whole, including how 

it formed, its shape and 

size, and how it may end 

Fingerprints 
show up in 

4 
fine dust Sl 





Forensic science 
Using a range of 


Forensic scientific knowledge 
scientist to investigate evidence 
dusting for from crime scenes : 
Genetics 


fingerprints 








Geophysics 

Using knowledge of 
physics to investigate 
the structure of planets 


nuclear fission, and 
nuclear fusion 


Electronics 

Examining the flow of 
electric currents through 
substances, and how to use 
them to run microchips, 


. Chemist 
computers, and other devices Ad 


Studying how atoms 
connect to produce 

new substances in 
reactions--and how 
those substances behave 


Physical sciences 
Studying nonliving 


things, such as 
SUS, EEE) 
and radiation 





Astrophysics 

Studying the physics 

of stars, black holes, 
galaxies, and other 
massive objects in space 


Biochemistry 
Studying the chemical 
reactions that drive 
life processes 


Studying how characteristics 
controlled by genes are passed on 
from one generation to another 


and how they vary in living things 








Red bieod ceil : 


Immunology 
Examining the immune 
system of humans and 





Nanotechnology 


Cell biology and 
Molecular biology 
Understanding how 
cells inside living 
organisms work—both 
as a whole and ai the 
level of their DNA, 
proteins, and other 
complex molecules 









Using engineering, 
molecular biology, and 
other knowledge to 
invent machines, such 
as nanobots, no bigger 
than a human cell 


Imaginary future 
nanobot in blood vessel 


other animals and how it Biophysics 
defends the body against Using chemistry 
attack from diseases and physics to study 


biological systems, 
such as animal 
senses and the 

way animals move 


Glossary 


ACID 

A reactive chemical that contains a hydrogen 
ion. This breaks off from the rest of the 
molecule easily and attacks other chemicals. 


ALCHEMY : 
A way of studying nature, prior to the modern 
scientific method. Alchemists believed that 


magic was an important part of natural processes. 


ALKALI 

A substance that reacts most strongly with acids. 
An alkali contains a hydroxide ion that combines 
with an acid’s hydrogen ion to make water. 


ALLOY 

A mixture of different metals. Many alloys are 
stronger and longer-lasting than pure metals. 
Common alloys include brass and steel. 


AMINO ACID 

A simple chemical that links into long chains to 
make complex protein molecules. Twenty-one 
different amino acids occur naturally. 


APPARATUS 

The equipment used by scientists in a 
laboratory. Simple apparatuses includes gas 
burners, glass beakers (cups), and test tubes. 


ATOM 

The smallest unit of an element. Every element 
has its own type of atom, with a unique size, 
weight, and structure. 


ATOMIC BOMB 

A bomb that explodes 
due to a nuclear 
reaction inside— 
either fission (big 
atoms splitting) or 
fusion (small atoms 
joining together). 














BACTERIUM 

One of many tiny 
single-celled life-forms 
(plural bacteria) that 
live worldwide, even 
under extreme heat 

or pressure. Bacteria 
have existed on 

Earth for at ieast 

3.5 billion years. 


Apparatus in 
laboratory 


Glass tube Se) 


















Camouflage 
among leaves 


BAROMETER 
A device for 
measuring the pressure of 

the air pushing at Earth’s surface. 


BIG BANG 

The event that most scientists think started the 
universe nearly 14 billion years ago. It created 
all the matter and energy in the universe. 


BLACK HOLE 
A massive object in space with enough gravity to 
pull in all things around it, even light. 


CAMOUFLAGE 

A method of survival used by some organisms, 
in which they change their appearance to blend 
into their environment and avoid detection. 


CELL 
The building blocks of a living body. Cells are 
self-contained units, but work together. 


CHEMICAL REACTION 

The process in which atoms from two or 
more chemicals arrange themselves into new 
combinations, making a new set of chemicals. 


CHLOROPHYLL 

The green-colored chemical inside many plant 
cells that absorbs energy from sunlight so it can 
be used to make sugar food for the plant. 




























CHROMOSOME 
The storage unit for a cell's DNA. 
It lives in the cell's nucleus. 


CIRCUIT 

A system that allows an electric 
current to flow through it. All electrical 
equipment, from light bulbs to 
computers, are part of circuits. 


COMBUSTION 

Also known as burning, 

a chemical reaction involving 
oxygen and producing light and heat. 


COMPOUND 

A substance that is formed from the atoms of 
two or more elements. Water is a compound of 
hydrogen and oxygen. 


DIFFUSION 

A gradual process of mixing in fluids (gases 

and liquids). During diffusion, fluid atoms or 
molecules move from places where they are 
densely clustered to places where they are scarce. 


DNA 

The complex spiral molecule that contains genes 
(instructions) for making an organism. It is also 
called deoxyribonucleic acid. Every living thing 
grows according to instructions in its DNA. 


ECHOLOCATION 

A method of sensing the surroundings by 
echoing sounds off surrounding surfaces. 
Bats use it where it is too dark to see. 


ELECTRICITY 

The movement of electrons or other charged 
particles. Electricity flows between areas that 
have opposite charges. 


ELECTROMAGNETIC SPECTRUM 

The range of electromagnetic radiation released 
by atoms. The spectrum includes radio waves, 
heat, visible light, ultraviolet light, and X-rays. 


ELECTROMAGNETISM 

The study of electricity and magnetism. These 
two things are linked. Magnets can create electric 
currents, and electric currents can make magnets. 


ELECTRON 

A tiny, negatively charged particle that is found 
in every atom. Electrons are shared or swapped 
by atoms during chemical reactions. 


ELEMENT 

A pure substance that cannot be broken down 
into simpler ingredients. There are about 90 
natural elements, including carbon and oxygen. 


ENZYME 

A protein—chemical made up of 
amino acids—that controls one 
of the many chemical reactions 
inside a living body. 


EVOLUTION 
The gradual change in living 
organisms that occurs over many 
generations. It is controlled mainly 
by the process of natural selection, 
by which the genes that help a 
life-form to survive are passed on 
to its offspring. When populations 
become separated, they may start 
to evolve independently, and new 
species form. 











EXTINCTION 

When a species has died out 
completely, it is extinct. All 
members are dead and so there 
will never be new individuals. 


FOOD CHAIN 

A way of showing how food and 
energy passes from one life-form 
to another. Food chains start with 
plants, which get their energy 
from sunlight. Some animals eat 
plants and, in turn, get eaten by 
meat-eating animals. 


Gelatin 
FREQUENCY dessert, 
A measure of how often something a gel 


happens. Waves have a frequency, 
which is how many times the wave 
rises and falls in a second. 


GEL 

A type of mixture made of a liquid mixed with a 
solid. The solid gives the gel a fixed shape, but 
the liquid in it makes it wobbly. 


GENE 

An instruction in code that is passed from 
parents to their child. The code of genes is 
written in DNA, and hundreds of genes work 
together to build a new body. 


GENOME 

A complete set of the genes of a life-form. Not 
every member of a species has identical copies 
of each gene. Instead, individuals have one of 
several slightly different versions. 


GRAVITY 

The force that pulls objects together. Massive 
objects produce a stronger pull of gravity 
than less heavy ones, so light things fall 
toward heavier ones. 





Piutonium giows because of radioactivity 


HYDROCARBON 

A chemical made up of carbon and hydrogen 
atoms. Petroleum oil is the main source of 
common hydrocarbons. Hydrocarbon molecules 
can have complex structures in the form of 
chains and rings. 


INDUCTION 

The process humans use to generate electricity. 
When magnets move, they create—or 
induce—a current in any metals nearby. 


ION 

An atom, or group of connected atoms, which 
has an electric charge. The charge is created 
when the atoms give away or gain electrons. 







LASER 
An artificial light source that emits light 
of a single, constant wavelength. Unlike 
those of natural light, the light waves in 
a laser are lined up with each other. 


LENS 

A curved, see-through object that bends 
parallel rays of light so that they seem to 
pass through a single point. 


MAGNET 
An object that is normally made from iron or 
nickel or an alloy, and produces a force field 
around it that pulls on other pieces of iron, 
nickel, and a few other metals. 


MOLECULE 

A group of two or more atoms that are joined 
together. A molecule is the smallest possible 
amount of a compound. Breaking it up into 
smaller units changes the compound. 


NEUTRON 

A particle found in the central nucleus of 
almost all atoms. Neutrons are neutral, 
which means that they do not have an 
electric charge. 


PHOTOSYNTHESIS 

The process used by plants to turn 

the energy in sunlight into sugar food. 
Photosynthesis is the source of nearly 
all the sugar in the natural world. 


PLASMA 

The fourth state of matter, which forms 
when gases get hot enough that a 
significant number of molecules have 
broken into ions and free electrons. 


PLASTIC 

An artificial substance that retains the 
shape it is bent into. Most plastics are 
made from hydrocarbons, and are used to 
make many products including bottles and 
parts of spaceships. 


POLYMER 

A long molecule made from a chain of 
smaller units. Plastics are polymers, as are 
DNA, proteins, and the starches in bread 
and pasta. 


PROTON 

A positively charged particle found in the 
nucleus of every atom. Each element has 

a unique number of protons in its atoms. 


RADIATION (ELECTROMAGNETIC) 

Waves of energy that are released from 
atoms—and absorbed by other atoms. Light 

and radio waves are common forms of radiation. 


RADIOACTIVITY 

A process that occurs when an atom is unstable, 
because the protons and neutrons in the 
nucleus do not stick together. A radioactive 
atom spontaneously loses small particles 

from its nucleus—in the form of dangerous 
radiation—as it becomes more stable. 


SEISMIC WAVES 

The large-scale vibrations or waves inside 
Earth’s crust that travel through rocks at 
high speeds. Seismic waves are created 
when the rocks crack under pressure. 
When seismic waves reach the surface, 
they cause earthquakes. 





SEMICONDUCTOR 

A substance that carries, or conducts, an electric 
current sometimes, and blocks it at other times. 
Silicon is a common semiconductor and is used 
to make the millions of miniature switches in 
the microchips that run computers. 


SPECIES 

A group of animals that look very similar and 
live in the same way. Members of a species 
must also be able to breed with each other 

to produce offspring, but not with members 
of other species. 


SUBLIMATION 

The process by which a few substances change 
from a solid state straight into a gaseous state 
without first melting into a liquid state. 


TEMPERATURE 

A measure of how much heat energy a 
substance holds within. Scientists measure 
temperature using different scales such as 
the Kelvin, Celsius, or Fahrenheit scale. 


Turbine in a power plant 





TURBINE 

A fanlike machine that spins around very fast 
when a gas or liquid flows through it. Turbines 
are used in power plants. 


ULTRAVIOLET LIGHT 

Invisible light that comes from the Sun and 
causes tanning and sun burn of skin. It is a 
type of electromagnetic radiation. 


WAVELENGTH 
A-measure of how far a wave moves as it 
rises and falls to make a single wave shape. 


X-RAY 

A type of very powerful electromagnetic 
radiation. X-rays contain a huge amount of 
energy—enough to shine right through the 
human body. X-ray beams are used to take 
pictures of hard objects, such as bones, 
inside the body. 
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